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Senator Claude Pepper who introduced the Neeley-Pepper Bill, S. 93, 

into the 80th Congress on January 8. The Neeley-Pepper Bill, which 

° calls for a $100,000,000 Federal expenditure for cancer research, failed 
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to pass the 79th Congress. 
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New Book! 


DANIELS, WILLIAMS 
and WORTHINGHAM’S 


MUSCLE TESTING 


| =peuese authors have met a definite need in 
| | writing this new book. Here you will find 
F detailed data on muscle topography, muscle 
functions, joint range and nerve distributions, 
' adapted and applied for everyday use in manual 
muscle examination and evaluation of muscle 
strength. Whether muscular weakness be the 
iresult of disease, injury or disuse, the tests given 
oH Shere provide a basis for determining the exact 
"degree of weakness and for the prescribing of 


»muscle reeducation or the planning of reconstruc- 
tive orthopedic surgery. In addition, they pro- 
vide a reliable means of measuring, from time to 
z  [— time, improvement of the conditions. The great 

simplicity and full fidelity of the 349 diagrammatic 

line drawings make this manual easy and con- 
, [venient to use at all times. (The study on which 
ithis manual is based has been aided by a grant 
from the National Foundation for Infantile 
Inc.) 


Lucrtte Danrets, N.A., Director and Associate Professor of Physi- 
p cal Therapy, Stanford University, MARION WILLIAMS, M.A., Assistant 
SeProfessor of Physical Therapy, Stanford University, and CaTnerine 
5 Wortnncnam, M.A., Director of Professional Education, The National 
SF oundation for Infantile Paralysis, Inc. 189 pages, 8” x 1034’, with 349 
Bilustrations, $2.50 
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HUMAN ANATOMY 


In revising this standard text of ele- 


mentary human anatomy, Dr. Lazier has 
added a wealth of important material. 
For example: The chapter on Bones and 
Joints has been changed to incorporate 
new material on the vertebral column, the 
spine and the joints. More adequate 
coverage is given to the discussion of the 
ribs, the skull and the arm bones. In 
addition, Dr. Lazier completely rewrote 
and extensively expanded the chapter 
on the Muscles. 64 new illustrations 
have been included to make a total of 
303, 13 of them in color. 


By Criype MarsHa.u, M.D., formerly Assistant Professor 
of Anatomy, Yale!University. Revised by Epcar L. 
Lazier, Pa.D., Associate’ Professor of Zoology, University 
of California at Los Angeles. 418 pages, 54%’’ x 7%{"’, with 
303 illustrations, 13 in color. $2.50. New (8rd) Edition. 


Rathbone’s CORRECTIVE 
PHYSICAL EDUCATION 


This book presents, the essential facts of hu- 
man anatomy and physiology as they pertain 
to the subject of corrective exercise. It deals 
primarily withithe development of sound bod- 
ies through exercise. Its interest cvrrelates 
with that of the new book on Muscle Testing 
described to the left. 
By JoserHine LANGworTHY Ratusoneg, Pu.D., Associate 
Professor of Physical Education, Teachers College, Colum- 


bia University. 275 pages, 54%’’x 744”’, illustrated. $3.00 
Third Edition. 
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inancing Cancer Research 


E. V. Cowdry 


Washington University, St. Louis, and Barnard Free Skin and Cancer Hospital 


ATLURE OF THE NEELY-PEPPER BILL, 
calling for an appropriation of $100,000,000 for 
cancer research, to pass on July 27, 1946 was not 
ihe reflection in Congress of any unwillingness on the 
part of the public to foot the bill. On the contrary, the 
Mresults of a Gallup Poll, reported on June 12, indicated 
Bhat 87 per cent of voters were ready to support the 
eely-Pepper program and that 72 per cent were even 
2 ling to pay extra taxes to provide the money. The 
Mill failed because the experts could not pull together and 
\ ndvise our senators and representatives as to just what 
3 needed. A similar confusion of tongues led to failure 
@p{ legislation designed to foster scientific research by the 
Establishment aud maintenance of a National Science 
Foundation. 
S We must profit now by experience and frame a new 
7 ; ancer bill which will pass unanimously. First, it is 
j essential to show, to the satisfaction of cancer experts, 
Show $100,000,000 can be advantageously spent on cancer 
Bpeearch with the single purpose of overcoming this dis- 
ase as quickly as possible. Second, it is equally essen- 
s to show, to the satisfaction of Congress, how ex- 
Ppenditure of this sum can be properly controlled. 
§ Six objectives are worthy of consideration: 
© (1) To expand cancer research facilities throughout the 
States. 
At present most of the work is concentrated in the great 


i8 2 ities along the Atlantic Seaboard. Except in the state 

a : Missouri, there are no cancer hospitals west of the 
EMississippi which are recognized by the American Col- 

the emeze of Surgeons. In a general way the age-adjusted 

iby Heath rates from cancer per 100,000 population of the 
ids’ BSeveral states are indices of the alertness of the medical 
rials pp rofession in the recognition of cancer, not of its actual 
1.H. E requency. According to data published in April 1946 
a py the National Cancer Institute, the two highest rates 
e those of New York and Rhode Island, with 144.61 

dt Hand 138.43 per 100,000; the two lowest are those of 
“a Birkansas and New Mexico, with 62.25 and 71.13, 
ibe Evidence such as this strongly suggests 
": that citizens in the western and southern states have not 
ae equal chance for cancer diagnosis with those in the 
tes stern ones. California stands out in the Far West 
_ th the high rate of 118.43. In the testimony at hear- 
eo gs of the Neely-Pepper Bill the Midwest and Far West 
ce at J pre inadequately represented; of a total of 24, only 3 
rthe fens from west of the Mississippi were heard, com- 


: ared with 11 from New York City. 
Fs The outstanding cancer research centers of the world 
_ the National Cancer Institute near W ashington, 


D. C., operated by the Government (U. S. Public Health 
Serview), and the Memorial Hospital in New York. 
They seem a long way off to westerners, some of whom 
are getting weary of voluntarily contributing fairly 
large sums, much of which is sent to New York and is 
expended mostly in the East. It is not surprising that 
they welcome a proposal that has been presented to the 
National Advisory Cancer Council of the U. S. Public 
Health Service, and by Dr. Sherwood Moore in testimony 
at a hearing of the Neely-Pepper Bill, in accordance with 
which pilot cancer centers, on a par with the Nationa! 
Cancer Institute and the Memorial Hospital, would be 
established and maintained in the Middle and Far West. 
The one for the Middle West should be an expansion of 
the Barnard Hospital in St. Louis, which for long years 
has been a pioneer comparable in a small way with 
Memorial Hospital in New York. St. Louis is a more 
strategic location than Chicago for this purpose, because 
the states immediately west and southwest of it are less 
adequately provided with cancer facilities than Iowa, 
Wisconsin, and Minnesota, west and northwest of Chi- 
cago. St. Louis stands on the border of a very large 
territory, commercially tributary to it, in which the 
influence of such a Midwest Center would lead to the de- 
velopment of cancer facilities still more conveniently 
located. San Francisco is probably better located than 
Los Angeles for the Far West, or Pacific Cancer Center. 

Construction and equipment of each of these strategic 
centers would cost about $5,000,000. In addition, some 
expansion of cancer facilities in the East and throughout 
the United States is urgently needed. The total cost of 


necessary enlargement of such facilities can be con- 


servatively estimated at about $20,000,000. Since there 
is urgency in this need for working space for both labora- 
tory and clinical research, high priority should be given 
to construction of buildings and purchase of equipment. 

(2) To increase the effectiveness of cancer investigators 
without waiting to train them. 

These individuals are in three categories: (a) Expert 
clinicians, now busily engaged in treating cancer and 
patients suffering from other diseases, should be enabled 
to devote all their energy and skill to the cancer patients. 
If this could be arranged, it might further be feasible to 
encourage these clinicians constructively to attack as- 
pects of the cancer problem that can be solved only in 
the clinic, even in some cases to take time off from prac- 
tice for this purpose. They cheerfully rallied to the 
Nation’s call in the war. Many of them will be no less 
ready to attack cancer in times of peace. (b) Persons 
now working only part time on cancer research should 
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be persuaded to devote full time to such research. I 
have in mind staff members of universities and medical 
schools who have proved themselves as productive can- 
cer investigators in the time that they have been able 
to spare from their other duties. To get at the facts, a 
survey should be made of these individuals. This 
would probably show that a large amount of excellent 
work is at present being done by them, and that this 
could easily be doubled or trebled if they were to devote 
all their time and energy to the task. (c) Cancer is a 
problem peculiar in the fact that so many types of train- 
ing can be utilized in its solution. Numerous physicists, 
biochemists, physiologists, pharmacologists, and others, 
by virtue of experience already mature, are well fitted 
without delay to play leading roles in this kind of re- 
search. Carefully selected individuals in this category 
might easily be induced to devote a‘year, or several 
years, to this inspiring task. 

A new attitude toward these and other cancer in- 
vestigators must prevail. They should not be expected 
to labor merely for the love of it at the smallest salary 
they will accept, but should be paid high salaries all 
along the line. We have witnessed key men in govern- 
ment, who worked for the country during the war at 
minute salaries, one after another seek employment now 
that the war emergency is over. Cancer is a very real 
threat to all of us, and the best brains of the Nation 
must be harnessed regardless of cost. To be content 
with second-raters would be to jeopardize the whole 
campaign against cancer. Yet this will be exactly the 
tendency of the more conservative of the cancer experts, 
who will say that so-and-so is best qualified but is beyond 
our reach. 

(3) To make sustaining grants for cancer research. 

Increases in facilities and personnel are not justified 
except for investigations that can be organized and sus- 
tained over a considerable period. Those of us in the 
field have often had to content ourselves with annual 
grants. A lot of good work has been financed in this way, 
and not infrequently the grants are repeated year after 
year. But, since there is usually no guarantee of con- 
tinuing financial support, in all fairness one has to warn 
prospective members of his staff that they may soon 
have to seek other jobs. No one would blame a young 
man, beginning a career of promise, if he chose, instead, 
an appointment with more security. Older workers, 
who have proved themselves and have fairly secure 
positions, are naturally not attracted. In case a young 
man does gamble with his future and, by virtue of the 
success of his cancer research, is continued for 10 years 
or more by a succession of annual grants, he will then 
find himself with no accumulating annuity payments 
against eventual retirement, because this measure of 
protection is never provided in grants for cancer re- 
search. Being still young, he may say that he does not 
care, but we know that he will care later. A reasonable 
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degree of economic security must be given can i 


workers, not only in attractive continuing salaries, hy 
also in some effective system of annuity—for instang [iy eir 01 
10 per cent of salary paid into the annuity fund by ij nthet 
employer and 5 per cent by the employee. x ell ac 
Obviously, the largest item in the expenditure shou hich : 
be in the nature of sustaining grants for salaries, a. uip | 
nuity payments, and operating expenses. These shouli 
be made to nonprofit institutions of recognized standing a fo 
. coincident with the above-outlined increases in play m5) 7 
and personnel. The said institutions should be require 
to invest these sustaining grants in Federal bonds, }; ¢ uncil 
size, the grants should be sufficient to carry the projec iim isely « 


for 20 years, the recipient institutions expending interes fi 
and cashing bonds. This policy would amount to Fed. 
eral endowment of cancer research. The amount ¢ 
the expenditure should be about $60,000,000. 
Precedent for Federal endowment of research in public i 
institutions is found in the Purnell Act “to authorize thei 
more complete endowment of Agricultural Experimen fi. 
Stations” (see Budget of the U. S., 1945, p. 230). Unks fi 


asis. 
notel 


Wing 


total « 


the policy can be adopted of aiding private institution ¥ ecifiec 
on a par with public ones, the idea of bringing all ow pebncer , 
institutional strength to bear on the cancer problem wil Hancer ¢ 
be an idle dream. The Department of Agriculture is a Bbbits: 


tivated by a pressure group, the farmers of the Natio a I 


and it has achieved wonders. The $60,000,000 ti case 


stabilize and maintain certain projects in cancer researc MM the y 
on a sound basis for 20 years looks small in comparism dy wa 
with the Agricultural Research Administration generll™oted b 
account of $40,313,650 in 1944 and $47,123,140 in 1945-IR@, oy ch 
not to mention additional millions for special investige 00 app) 
tions. We now havea group, known as the “Sponsors 


Government Action Against Cancer,” 
for action and will not accept “no” for an answer. It im 
to be expected that within a few years other researchsi@focram 
on cancer will similarly require stabilization and th E& 
this will be one of the accomplishments of the neti ation, 
$100,000,000 appropriation, with which we are not n0fiiihe phy 
concerned. Momach. 
(4) To produce special supplies and equipment. : parts 
It frequently happens that cancer research is held Wi Btures: 
for want of certain chemicals that are hard to obtaliie basic 
Some of them have to be made for the purpose. Phys fem mi 
apparatus is often required which is not on the marktHM@ividual 
and which manufacturers will not take the trouble \MMiictors, 
design and produce, because it would not be high nl Blight, 
and would never be wanted in quantity. The best Wieatest - 
to remove these obstacles that cause most annoying deli! Benical 
and inhibit research would be to establish and maintiii Bticles, 
a Central Physiochemical Institute for supplies. SuMMMM the ay 
an organization would help not only by giving advice 
to feasibility of implementing the ideas of cancer workeIM@B acknoy 
but also by manufacture and, perhaps, by loaning cost Be nsforn 


apparatus which is available and the need for wil i, the 
‘ cen int 


which is 
g su 


might be only temporary. Moreover, reliance on servid 
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y the Institute would be economical, for it would re- 


» Dit ieve research organizations of the necessity of having 
anc, wh cir own usually poorly equipped mechanical shops and 
thi nthetic chemical laboratories. The Institute might 
Mell act as a clearinghouse for distribution of isotopes 
ich are now of such importance. Cost to build and 
y at Bu the Institute might be in the neighborhood of 
000,000 plus operating expenses of, say, $500,000 a 
nding & for 20 years, making a total of $12,000,000. 
plant : (5) To focus cancer research on the human problem. 
uirel i The Committee on Growth of the National Research 
. hee yuncil, financed by the American Cancer Society, is 
jects i ely approaching the cancer problem on a very broad 
teres Anything having to do with growth, even 
Fei notely, is included as cancer research because of the 
nt 0 Baring it may have on malignant growth. All kinds of 
My ing things from plants to man are included, because 
ubli HM servations on all forms of life may well afford clues to 
e the ; nditions in man. Very few of the 95 grants made by 
iment 1 e Committee through June 15, 1946 and amounting te 
Jnles a total of $623,057 related to cancer of definite types in 
ition MMMBecified organs or tissues. Several concerned breast 
ll ou 4 Bncer in mice; two, leukemia; one, melanoma; one, 
n Wie ancer of the thyroid; two, the Brown-Pearce tumor of 
is a @bbits; one, normal and malignant fibroblasts; one, the 


ation HM@bbit papilloma virus; and one, leukemia, Hodgkin’ S 
= etc. Research specified as dealing with cancer 
, # the uterus, stomach, lungs, and other organs of the 
apdy was not included. Yet the basic investigations pro- 
om oted by the Committee on Growth are all to the good. 
Eahey should be supported from the proposed $100,000,- 
1000 appropriation if the funds collected by the American 
Mancer Society prove insufficient, and other equally 
fndamental researches should be initiated. 
g supplement this fine general and fundamental 
Mogram of the Committee by developing a different line 
. attack, it is proposed, with part of the Federal appro- 
f lation, to focus research on specific cancers in man. 
t nWhe physician has to diagnose and treat cancer of the 
fomach, uterus, skin, brain, lungs, and so on through 
# parts of the body. Cancer in all locations has some 
Bess in common, on which light may be expected from 
Be basic researches referred to; but cancer in each of 
mcm must be considered individually because of in- 
vidual differences in the operation of certain important 
mtors. Thus, exposure to external influences like 
a Shlight, which, in excess, is known to cause cancer, is 
seatest for the skin and negligible for the brain. Me- 
Besical injury is of consequence in cancer of the breast, 
Bticies, bone, and skin and insignificant with respect 
to the appearance of cancer of the pancreas and lungs. 
MPnditions of cell life in the several parts of the body are 
@ acknowledged importance in regard to the malignant 
ih nsformation. Since these conditions are far from uni- 
Et": they cannot be ignored but must be purposefully 
en into consideration. Some tissues have an abun- 


dant blood supply, while others are avascular; some are 
more under the grip of internal secretions than are 
others, and the functions performed by each are related 
to needs for supply and removal of waste. Another 
consequence of the different functional roles is that the 
symptoms of early cancer will, to some extent, be de- 
pendent on the particular function disturbed by the 
cancer. Therefore, we have to attack cancer wherever 
we find it, marshaling all available scctiaatt of specific 
conditions in every part. 

The system of panels advocated would be specifically 
for uterine, skin, gastric, and lung cancer, and so on down 
the list of some 20 or more. Each would have a chair- 
man and a vice-chairman, both usually clinicians and, 
when feasible, of rather different views and training. 
For instance, the hematologists heading the panel on 
leukemia (blood cancer) could well represent quite diver- 
gent schools of thought. Also, it would not be difficult 
to find two leading gynecologists for the panel on uterine 
cancer who would bring different and supplementary 
experience to bear on the problem. Two leading derma- 
tologists for the panel on skin cancer would supply more 
effective coverage than one. The other members of 
each panel should include a physiologist, a biochemist, a 
pharmacologist, a radiologist, a cytopathologist, an 
endocrinologist, a nutritionist, a geneticist, and possibly 
others, each one particularly qualified by experience to 
deal with problems of the panel. It would be essential 
for a considerable number of these other members to be 
engaged in the experimental study of cancer in the organ 
represented; by the panel. The membership of panels 
should gradually change to bring in the best talent from 
the whole Nation. 

The defeatist will question the usefulness of such 
panels, saying that there is no assurance that progress 
will result from these direct attacks and even implying 
that, in his judgment, the only worth-while strategy is to 
concentrate on fundamentals—a nice comforting term— 
and for the time being to ignore special cases. We agree, 
as already stated, that work on fundamentals must be 
not only continued but extended with the aid of the 
$100,000,000 appropriation. In addition, however, we 
plead for consideration of the cancers in the very regions 
of the body where they are death dealing. There is 
reason to hope for significant advances by some of these 
panels. Reports to the Nation of no progress with 
respect to types of cancer from which citizens are dying 
by the thousands would increase determination to make 
progress. It is not beyond the bounds of possibility that 
means may be discovered satisfactorily to treat cancer 
before we learn all the secrets of its nature. In fact, 
a specific treatment for the greatest human killer in 
view of number of deaths—malaria—was discovered 
before the cause was determined. Means of prevention 
of scurvy was discovered long before its nature was re- 
vealed. Several similar examples can be cited. In 
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my opinion, these regional cancer panels are justified as 
one major part of the grand strategy of the campaign. 

The panels should meet regularly four times a year, 
twice in the East, once in the Middle West, and once 
in the Pacific states, a limited number of nonmembers in 
each region being invited to attend and present their 
work. This, like the strategic pilot centers, would tend 
to draw all parts of the country into the effort. At one 
meeting each year leading cancer investigators from 
abroad should cooperate. Yearly digests of world 
literature on cancer in the domain of each panel, to- 
gether with the most up-to-date possible accounts of 
prevention, diagnosis, and treatment and a summary of 
research in progress, should be published and widely 
circulated. 

The cost of this regional panel system is difficult to 
estimate, but the item for travel would be substantial. 
It is further proposed to make each participant a per- 
diem payment, as with medical consultants to the Veter- 
ans Administration, and, naturally, to cover cost of a 
full-time secretary for the chairman of each panel, 
printing, postage, etc. It might amount to $200,000 
a year, or, for 20 years, $4,000,000. 

(6) To promote international cooperation in the war 
against cancer. 

Clearly, cancer is a world problem, and we, ourselves, 
can have no monopoly of wisdom. It would be highly 
desirable to arrange for distinguished foreign cancer 
specialists to come and work in our laboratories for a 
year or more. Particular types of cancer research in 
this country will be benefited, and their own experiments 
at home will also be advanced thereby. Also, carefully 
selected American cancer investigators should work in 
foreign countries under the same proviso of mutual 
advantage. They should be given not merely travel 
expenses but an allowance for scientific expenses of 
their work abroad so that they would not constitute a 
financial burden on the host institutions. A special 
American committee, working through the newly formed 
World Health Organization (Science, September 27), 
should be charged with promotion of this international 
cooperation, with ability to draw on an appropriation 
for this purpose of $3,000,000. 


CONTROL OF EXPENDITURE 


It is a waste of time to suggest any plan for delegating 
administrative control to any private agency, since 
Congress will insist on Federal control of Federal ex- 
penditures. Within the Federal Government it is ob- 
vious that the U. S. Public Health Service is best fitted 
to act in this capacity. A division of the Service, the 
National Cancer Institute, with its advisory body of the 
Nation’s outstanding cancer experts, the National Ad- 
visory Cancer Council, has been recommending grants 
for cancer research to both public and private institu- 
tions for nearly 10 years under authority of the National 
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Cancer Institute Act. All that is necessary js; ,, 


a 


strengthen this Council so that it will be able to (im the 
charge the greatly increased duties contemplaty x It is 


in the proposed new cancer bill. This can probably}, 
accomplished without any change in organization ,jm 
operation which would be considered controversjaj 

The officers of the Council should continue to sep, 
in their present capacities: the Surgeon General of t, 
U. S. Public Health Service as chairman, ex officio; th 
chief of the National Cancer Institute of the U. S. Pubj, 
Health Service as secretary, ex officio; and the execu 
director as an appointed official. 

The other members of the Council should be increas 


requ 


in number to nine, and the policy should be adopted ; B intent 
making them still more representative of the whi vent 


Nation. This could be accomplished in several way oarch 
Rotation of membership has proved satisfactory. Wii}; wo 
the increase in number, and with period of service thre nt if 
years, three members should be replaced annually yi, mer 
new appointees recommended by the Council. In ordi atior 
regularly to draw “new blood” into the Council, retirin[ilf ced | 
members should not enjoy the privilege of subsequejiiii™ 
reappointment, but the active interest and advice diy , 
these retiring members should be retained by appointigmmC1@! 


them members emeriti of the National Advisory Cane 
Council. It is proposed that they should meet regular 
once a year in the National Cancer Institute and th 
matters of consequence should be submitted to them ig 
advice on this occasion and also informally at other tims 

Another means of making those engaged in cant 
research throughout the land feel that the Council! 


ogr 


I 
theirs hinges on both membership and meetings. 4 t 
present, cancer research is mainly centered in the easte . 
states. Since it is clearly desirable to encourage peo nee 


in other parts of the country, also possessed of gra 
resources, to engage in the war on cancer with all ‘te 
might, it would be a wise policy to begin by recruiti 
members of the Council from west of the Mississix 
in the ratio of one to every three from east of the Miss 
sippi. This would amount to a substantial increase 
western representation. By the same token, reguk 
meetings of the Council every two months should} 
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illustr 
held west of the Mississippi in the same ratio of one Hv 
every three east of the Mississippi. Ractical 

The members of the Council not only should be 4, . ge 
creased in number but also should be enabled to devi tation, 
more of their time and energy to this service which TD of th 
mean so much to the people of the United States ani bets. te 
all lands. Though willing and eager to serve witht ‘ite 
recompense, each of the 12 members of the 
should receive a yearly salary of $5,000 in addition’ bet 
travel expenses. Moreover, failure from what’ 
cause to attend two consecutive regular meetings of « -~ 
Council should be construed as resignation from Mi oranice 
bership. To operate effectively the Council would! aPresen 


quire adequate full-time assistance of experts, but Bademy 
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Bal administrative cost should not exceed 1 per cent 
B the whole appropriation, namely, $1,000,000. 

M1; is essential that the Council have power to recom- 
Bend grants for construction of cancer facilities and for 
yenses of research over periods not to exceed 20 years. 
Bypenditure of all grants by recipient institutions should 
® audited in accordance with the usual procedure of the 
® S Public Health Service. In selecting projects to be 
Ried, the Council should have complete discretion. 
De expenditures outlined earlier are, of course, merely 
: Begestions to indicate that $100,000,000 is needed for 
4 Bsbursement in the first 5 years. More will probably 
B required, and the administrative machinery outlined 
intended to carry on for 20 years with the aid of sub- 
quent appropriations establishing other lines of cancer 
Beearch on an equally firm financial basis. _ 

Witt would save time and avoid confusion and embarrass- 
Bent if the Council were to take the initiative—that is, 
pt merely to wait for the shower of high-pressure ap- 
Hications certain to be received if such a cancer bill is 
Bssed by Congress but, instead, actively to investigate 
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needs and to invite and assist cancer research institu- 
tions considered worthy to formulate projects. No 
applications for financial aid not originally solicited by 
the Council should be accepted. 

There is a chance that a bill along these lines would go 
down in history as marking a new era in human welfare 
in which all-out financial support is provided by govern- 
ment, not for war or for any commercial advantage, but 
to solve a definite problem in medicine. It is fitting that 
cancer should be the first disease so attacked. The pub- 
lic is of one mind in this matter. If the experts raise 
their sights and organize research with skill and wisdom 
on a large scale, and the policy is adopted of subsidy of 
long-term projects wherever it is most advantageous 
throughout the United States, the results will justify 
many times this expenditure, and the precedent will 
have been set for a similar approach to other devastating 
human diseases. Indeed, such a bill would signalize a 
new kind of emancipation—one of freeing the people 
from what is believed to be needless suffering and from 
untimely death. 


Use of Human Resources: 


John C. Flanagan, Colonel, 
Army Air Forces, Washington, D. C. 
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HERE ARE FEW WHO WOULD QUESTION 
the fact that by far the most important of the 
BE resources available to us are human talents. It 
Balso true that there are few areas in which so little 
Bogress has been made in the observation and classifica- 
Bn of facts and the establishment of verifiable general 
Ws as in the study of human resources and their utiliza- 
Bn. This paper will attempt to show that a science can 
B developed regarding the use of human resources. 


oat Mme of the recent findings resulting from the increased 
a pivity during the war years will be presented primarily 
ould 


fillustrate the types of research and experimentation 
Bich can be expected to be productive of results of 
Mctical significance. 

gl he general field in which further research and experi- 
Bitation is proposed includes the more accurate descrip- 
n of the individual in terms of his aptitudes, basic in- 
scsts, temperament, and potentialities; the training and 
fication of this individual with such methods and mate- 
Mls as to enable him to make maximum use of his per- 
al endowment; his guidance into the types of voca- 
Bal and avocational activities which will be of greatest 
Pstance to him in his further development; and 
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me BPresented at the Annual Meeting of the National 


pecemy of Sciences, April 22, 1946. 


evaluation of his success in the activities in which he 
participates. 

In this field certain laws and principles were estab- 
lished by psychologists a number of years back. These 
relate especially to such matters as learning, forgetting, 
perception, and motivation. More recently, individual 
differences and trait differences and their implications 
for participation in various types of activities have been 
the subjects of extensive investigation. Scientific re- 
search on these matters requires very large groups of 
individuals, and some of the problems also necessitate 
waiting several years before final evaluation can be made. 
In most situations the extent of control of the individuals 
taking part in an experiment is also quite limited. 

In many respects the military situation during wartime 
is ideal for this type of research. Large numbers are 
readily available. The life cycle from the time of indi- 
vidual analysis and classification, through training, and 
on to performing the job for which the individual was 
selected and trained is compressed into a period of only 
two or three years. Furthermore, the necessities of war 
give military authorities a much greater degree of control 
of the individual with public approval than would ordi- 
narily be possible. 

Having the resources of this large laboratory to work 
with, including the availability, for the staff, of a large 
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number of the best psychologists in the country, it has 
been possible to make important contributions to this 
branch of scientific knowledge in spite of the pressure to 
obtain immediately useful practical results in the military 
situation. 

One of the most fundamental tests of the value of a 
body of knowledge including relationships is the ability 
to predict events on the basis of information already 
available. In working with human beings it is much 
more difficult to obtain full knowledge of all of the large 
number of relevant factors. In practical situations it is 
usually desirable to predict from a few relevant items 


The higher the pilot stanine, the greater the chances of success in primary 
pilot training 


PERCENT El/M/NATED PR/MARY P/LOT TRAINING 
9 21474 je 
8 19440 10% 
7 32129 
6 39398 
5 34975 30% 
4 23699 
3 11209 53% 
2 2139 pm 
904 


TOTAL 


Fic. 1. The bars indicate the proportions eliminated at each pilot sta- 
nine. Elimination was for flying deficiency, fear,and own request. Flying 
experience credit is included in the stanine score. The data are from classes 
43-F through 45-H. Men with low stanine scores are now disqualified for 
training; most of the men with low stanines included in the chart entered 
primary schools early in 1943. : 


185367 — 24% ELiminATED 


known to represent an oversimplification and only partial 
coverage. Under these circumstances, the predictions 
must necessarily be in terms of probabilities which are 
far less than perfect. Such predictions, however, may 
be of very great value in certain practical situations. 
The original research problem assigned to psycholo- 
gists in the AAF for scientific investigation early in the 
period of the recent national emergency was to predict, 
on the basis of an evaluation of individuals before they 
begin flying training, which of them would later prove 
to be the most successful as airplane pilots. As the result 
of an initial analysis of the requirements of the job and a 
continuous program of research and follow-up, it was 
possible to assign weighted aptitude scores ranging from 
1 to 9, for the designation of which the term stanines 
(standard nines) was coined. These were based on a 
battery of 6 apparatus tests of coordination and speed 
of decision and 14 printed tests including intellectual 
aptitudes and abilities, perception and visualization, and 
temperament and motivation. The weighted aptitude 
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scores obtained from these tests were of great valy jeamPrail 
the selection and classification of applicants for oi man 
training throughout the recent war period. Pmeble 

Fig. 1 shows the experience during the war in the jj = Th 
low-up in primary pilot training schools of 185,000 njmeMem 


assigned these scores. It will be noted that of the molmumario 
than 20,000 men obtaining the highest stanine (9) oii 
4 per cent were eliminated from training. Men obtgi, ; ben 
ing lower stanines had progressively larger proporti:mmmp co 
eliminated, right on down to the group of about 1,000 neiiamgpaini 
with the lowest stanine (1), 77 per cent of whom yemmheir 
eliminated in primary flying training. Bptit 


adt 


Men with low pilot aptitude scores (stanines) on the AAF aircrew classi Be pi 
tion tests are very poor prospects for pilot training : 
EXPERIMENTAL GROUP 


SUCCESS IN COMPLETE FLYING TRAN. 


9 
80 Yy 
ok 7 
PERCENT 
OF oe 5 
CASES ELIMIMATED 
40 96.7% 
20 
© GARAQUATED 
LOW APTITUDE WIGH APTITUDE 
(STANINES 1, 2,3) (STANINES 4,5,6) (STANINES 7.8, me 
N 39/ N 468 N 


Dated. 
Been th 
Qualifying standards in terms of stanine scores vaiiadua 


Fic, 2. Results for the experimental group. 


raised successively until, in the fall of 1944, only mgiiifect i 
with stanines of 7, 8, and 9 were admitted to pilot trjiear fr 
ing. This improvement in the aptitude level of thy train 
sent into flying training made possible the raising (ive sel 
training standards and also resulted in the requiremen im To c! 
a higher degree of flying skill and general proficiency {jiM@refull 


graduation from flying schools. Bap expe 

In order to provide a comprehensive evaluation of Wile U. s 
selection procedures under the new training 
an experiment was initiated in the summer of 1945. Hi@ing t 


sample of more than 1,000 men was selected by req@@mina 
sentative AAF Examining Boards throughout the co#j™i@an th 
try. All of the usual tests of aptitude, ability, temp 
ment, and coordination were given to this group, ! 
regardless of their scores on these tests, all those "ii 
met the physical standards of the medical examina 
were accepted and sent into pilot training. The sj 
for the various aptitude tests were combined accord > 
to current procedures, and the men were assigned iM 
usual stanine scores for pilot aptitude. However, ‘gai 
records were sent directly to Headquarters of the 4 
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alu dumm raining Command, and no indication as to whether the 


ot pieemman had obtained a high or low stanine was made avail- 
to the training schools. 
them The results of this experiment are shown in Fig. 2. 
00 te PMembers of the experimental group were scattered in 
1e = Oe. rious schools and received their flying training in classes 
9) oilfimbraduating in 1944 and 1945. Only 4 per cent of the 
obta:faimhen with low aptitude (stanine of 1, 2, or 3) were able 
verti Se complete the full course of flying training. The re- 
100 mefimpaining 96 per cent were eliminated at some stage of 
m a Meheir training. Not one of the 125 men with the lowest 
Bo wititude score (1) was successful in flying training. Of 
_ ‘ ¢ pilot stanine was effective in predicting success in pilot training for 
West Point Cadets 
ELIMINATED NO.OF MEN 
TRAIN 
10% 
30.% 143 
Wy 46.9% 8/ 
Mba 4 
4 
Yj | 
YY 4 76.2% 2/ 
4 
| 
20 40 60 BO 


Fic. 3. Results for West Point Cadets. 


ihe men with medium aptitude, 30 per cent were gradu- 
| ated. The men with stanines of 7, 8, and 9, which has 
| ; en the qualifying standard since the fall of 1944, hada 
pmaduation rate of 65 per cent under the new standards in 
nly mimmect in flying training classes in 1944 and 1945. It is 
ot triifiiear from these data that very important improvements 
of thi training efficiency resulted from the use of these objec- 
rising selection procedures. 

ementimm lo check these findings with a group which had been 
jency ifmmrefully selected, but on other bases than pilot aptitude, 
i experimental study was made of the class of 1946 at 
on of ie U.S. Military Academy at West Point. Here again, 
nditicqiiae shown in Fig. 3, the pilot stanine predicted success in 
(943. ing training. Only 10 per cent of the 8’s and 9’s were 
yy repiemmminated, while almost half of the 4’s and 5’s and more 
he colfjaliman three-fourths of the small number of cadets whose 
@ res placed them in the lowest group (those with 2’s 
med 3’s) were eliminated in primary flying training. 
Follow-ups in regard to accident rates, success in tran- 
ifaw oning to combat-type planes, and selection as airplane 
manders rather than copilots confirm the predictive 
Eeve of the pilot stanine. For example, 50 per cent 
ire of the fighter pilots receiving combat training in the 
2 Air Force with pilot stanines of 7, 8, and 9 scored 
pee the top half of the class in hits on aerial and ground 


res W 


targets than did men with pilot stanines of 5 and below 
(see Fig. 4). 

The initial emphasis in the psychological research pro- 
gram in the AAF was on pilot selection. However, this 
emphasis shifted rapidly in the practical situation to one 
of classification. Superior pilots are not of great value 
for bombing operations unless they are accompanied by 
superior navigators, bombardiers, flight engineers, radar 
observers, and gunners. Fortunately, it was found that 
the aptitudes and traits most important for each type of 
duty differ in various respects, so that by making an 
accurate analysis of each individual’s potentialities in 


High stanine pilots were likely to score more hits on aerial and 
ground targets 


PILOT NO. OF PERCENT SCORING ABOVE TUE AVERAGE OF THE 
STANINE MEN TOTAL GROUP ON A COMBINED SCORE REPRESENTING 
AERIAL AND GROUND GUNNERY 

9 us 

8 184 | 

| 

7 225 

& 287 

5 233 | 

4 75 
3 3! 
2 | 


° 20 40 60 80 ico 


Fic. 4. Data collected from stations and commitments in the Ist Fighter 
Command between June 1944 and March 1945. Only newly rated pilots 
are included. 
relation to the requirements of the various jobs, it is 
possible to improve the quality of the personnel available 
for all positions. | 

This is illustrated in Fig. 5, which shows the relation 
of the navigator aptitude score to success in navigation 
training for approximately 15,500 men. The men with 
navigator stanines of 8 and 9 were remarkably successful, 
with only 8 per cent and 3 per cent, respectively, failing 
to graduate. It is of great importance to the general 
problem of the use of human resources to note that most 
of these men had Pilot stanines of only 6 and 7, and many 
of them were as low as 3, 4, and 5. 

For bombardiers there was, in addition to the usual 
training school studies, an opportunity to follow up the 
actual combat results of these men in terms of the dis- 
tance their bombs fell from the assigned enemy target. 
The radial or circular errors of 1,300 bombardiers were 
obtained from photographs taken at the momert of 
impact of the bombs and compared with the bombardier 
aptitude scores achieved by these men when they took 
the Aircrew Classification Tests prior to training, ap- 
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proximately two years earlier. These results are shown 
in Fig. 6. Although the differences are small, when it is 
remembered that combat conditions are far from stand- 
ardized and many factors such as the skill of other mem- 
bers of the crew, weather conditions, the strength of 
enemy opposition, and the condition of the plane’s equip- 
ment tend to attenuate the relations observed, the finding 
of a difference of 100 feet in the average accuracy of 
bombardiers with bombardier stanines of 7, 8, and 9, 
as contrasted with those with bombardier stanines of 5 
and below, is of great practical significance. The group 


The higher the navigator stanine, the greater the chance of success in ad- 
vanced navigator training 


‘NAVIGATOR NO. OF 
STANINE MEN PERCENT ELIMINATED IN ADVANCED NAV/GATOR TRAINING 
3741 3 
8 3585 
7 4336 IS% 
6 3008 
5 and below 868 
° 10 2506 6 70 6° 100 
TOTAL 15533 — 14% 


Fic. 5. The bars indicate the proportions eliminated at each navigator 
stanine. Elimination was for flying deficiency, fear, and own request. 
Only new aviation cadets are included. These data are from classes 43-12, 
43-13, 43-14, 43-17, 43-18, and 44-1 through 45-13. 


is also large enough so that this relationship cannot rea- 
sonably be regarded as due to chance. 

The illustrations given above with regard to selection 
and classification indicate results achieved with respect 
to one aspect of the work of the Aviation Psychology 
Program. Similar results were achieved in the improve- 
ment of certain aspects of training and in the evaluation 
of success by applying the same scientific methods to 
problems in these areas. 

In developing the battery of tests, the general pro- 
cedure was to make a systematic survey and exploration 
of the requirements for success in the activity. This 
requires knowledge of basic psychological traits and pro- 
fessional insight and skill in translating the apparently 
critical requirements for success into testable hypotheses 
in the form of examining procedures. Experience in the 
AAF indicates that the most productive procedures for 
developing tests which will have predictive value involve 
the standardization of the test situation so that the indi- 
vidual knows exactly what his task is and how failure 
on specific parts of it will affect his score. It must be 
possible to make the task very nearly identical for all 
individuals. This means that, if apparatus tests are 
used, they must be accurately calibrated to insure com- 
parability of difficulty. Although much ingenuity and 
judgment is required in setting up the sample of perform- 
ance which is to constitute the test, the scoring should 
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be as objective and free from the subjective judgment ; 
the scorer as possible. The final result should be 
pressed in one or more simple numerical scores. Sy 
scores are clearly abstractions and oversimplification 
but they represent data which can be evaluated. 
Such tests representing hypotheses regarding the essey, 
tial elements of a practical situation must be evaluate 
The validity or predictive value in specific situatio 
can be easily determined if a measure of success in th, 
activity can be obtained. On the basis of such follow-up 
data the test can be revised, and the whole process ¢j 
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Lead bombardiers with high bombardier stanine tend to have lower average 
circular errors 


STANINE 78,9 
TOP THIRD OF TOTAL GROUP 
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STANINE 6 
MIDDLE THIRD OF TOTAL GROUP 


STANINE 123,45 
LOWEST THIRD OF TOTAL GROUP 


Fic. 6. These figures represent a composite of all of the data collects iN 
from the 8th and 15th Air Forces on the relation between circular bomb 
error and the bombardier stanine. 


exploration, hypothesis, experiment, and evaluation 
peated in the light of the new findings. 

It is believed that the results of the past few ye 
have demonstrated that the application of scientil 
methods to problems of human resources and their ut! 
zation can be of great practicat value. Progress 
been delayed in the development of this field of knowlet# te 
because of the need for large experimental groups, 
periods of time, and substantial resources. Howe“ 
the possible benefits are of great importance from # 
standpoint both of the general welfare and progres 
the country and of the human values involved. ! 
therefore essential that strong support be given to4 
ordinated scientific research program on the use of hut 
resources. 
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INEWS 
nd Notes 


An additional announcement from 
PAAAS Council through F. R. Moulton, 
secretary, names the fol- 
ving vice-presidents of the Sections 
Mr 1947: Mathematics (A), Robert Lee 
core, University of Texas; Physics 
% Merle A. Tuve, Carnegie Institution 
f Washington; Chemistry (C), Farring- 
pn Daniels, University of Wisconsin; 
® tronomy (D), Dean B. McLaughlin, 
Briversity of Michigan; Geology and 
Geography (E), Marland P. Billings, 
Barvard University; Zoological Sciences 
MF), Franz Schrader, Columbia Univer- 
4 Botanical Sciences (G), W. F. 
Mochwing, University of Iowa; Anthro- 
Bology (H), Wilson D. Wallis, Heathside 
inn, Craftsbury Common, Vermont; Psy- 
Mhology (I), Edna Heidbreder, Wellesley 
( ae Social and Economic Sciences 
, Frederick Stephan, Cornell Uni- 
v ote History and Philosophy of 
Brience (L), F. S. C. Northrop, Yale 
a Pniversity; Engineering (M), Gordon 
m™. Fair, Harvard University; Medical 
maiences (N), E. V. Cowdry, Washington 
Bniversity Medical School; Agriculture 
oa), William H. Alderman, University of 
} innesota; and Education (Q), W. A. 
mrownell, Duke University. 
= Two members of the Executive Com- 
’ elected for terms of four years, 
ere George A. Baitsell and Kirtley F. 


ollecte 


bom bi Y ather, according to the announcement 
Mhich pointed out that the new constitu- 
fon does not provide for elected mem- 
on mers of the Council, although under the 
mc constitution eight members of the 
yea ry buncil were elected from the fellows of 
ientif a Association, two each year for terms 
r uth + four years. On recommendation of the 
5 ecutive Committee, the Council voted 
vied t the eight members of the Council 
ected under the old constitution be 
weve tinued until expiration of their terms. 
People 
ress Mark F. Boyd will retire from the 
of the International Health Division, 
oad Foundation, at the end of 
hun J uary after 25 years of service. In 1931 
f became director of the Malaria Re- 
Station, Tallahassee, Florida, where 


a Worked with naturally induced malaria. 


Howard Lawton Knight, editor in 
chief of the Experiment Station Record 
of the U. S. Department of Agriculture, 
retired December 31 after 42 years of 
continuous service in the Department. 
He first went with the Experiment Station 
Record in 1906 when he was made assist- 
ant editor. He took part in the 1934 
revision of Webster’s New International 
Dictionary. 

Martha C.Gundlach, who has prepared 
more than 50 indexes for the Experiment 
Station Record, retired at the same time 
as Mr. Knight. 


Aaron Edwin Margulis was recently 
promoted to professor of bacteriology in 
the New York Post-Graduate Medical 
School and Hospital. The appointment, 
which follows the death of Ward J. 
MacNeal, carries the titles of executive 
officer of the Department of Bacteriology 
and director of the Hospital and Dispen- 
sary Services of Bacteriology. 


Kenneth A. Norton has been made 
chief of the recently established Fre- 
quency Utilization Research Section of 
the Central Radio Propagation Labora- 
tory, National Bureau of Standards. 
Mr. Norton rejoined the Bureau from the 
War Department where he served during 
the war as a consultant in radio propaga- 
tion to the Chief Signal Officer and assist- 
ant director of W. L. Everitt’s Opera- 
tional Research Group. 


George Tunell, on leave from the 
Geophysical Laboratory, Carnegie Insti- 
tution, of Washington, until June 30, 
1947, is serving as acting associate pro- 
fessor of mineralogy and metalliferous 
geology at the California Institute of 
Technology. The position was formerly 
occupied by H. J. Fraser, who resigned to 
become general manager of the Falcon- 
bridge Nickel Company. 


Cdr. Horace C. Dudley was ap- 
pointed head of the Biochemical Section, 
Naval Medical Research Institute, Naval 
Medical Center, Bethesda, Maryland, on 
his return to civilian status. During the 
war Cdr. Dudley served as an ammuni- 
tion and explosive specialist and, more 
recently, was officer-in-charge, Naval 
Explosives Unit, for Operation Cross- 
roads. Before the war Cdr. Dudley was 
with the National Institute of Health. 


Ralph W. Lewis, on sabbatical leave 
as associate professor of biology from 
Michigan State College, will be at the 


California Institute of Technology until 
July 1, conducting postdoctorate research 
under the direction of G. W. Beadle. 


Albert Milzer, formerly research 
virologist, Samuel Deutsch Serum Center, 
has been appointed director of the 
Department of Bacteriology, Michael 
Reese Hospital, Chicago. 


Gordon L. Walls was made an asso- 
ciate professor of physiological optics in 
the School of Optometry, University of 
California, Berkeley, effective January 1. 
Prior to this time, Dr. Walls was research 
associate with the Bausch & Lomb Opti- 
ical Company. 


I. Newton Kugelmass has been ap- 
pointed consultant nutritionist to the 
Department of Health and the Depart- 
ment of Hospitals, New York City. 


Courtland L. Butler, Jr., has been 
named chief of the Information Division, 
Technical Command, Edgewood Arsenal. 
Dr. Butler, previously with the Research 
and Development Division, Office, Chief 
Chemical Corps, Washington, has special- 
ized in sugars and their derivatives and 
chemotherapy of pneumonia. 


Robert Davis, Department of Psy- 
chiatry, University of Colorado School of 
Medicine, Denver, has been appointed 
associate professor of neuropsychiatry, 
University of Texas Medical Branch, 
Galveston, and assistant director of the 
Galveston State Psychopathic Hospital. 


Charles S. Bridgman has been pro- 
moted from assistant professor to 
associate professor of physics and as- 
tronomy, at Ohio State University. 


Thomas Sproston, Jr., formerly 
Massachusetts State College, has been 
appointed assistant professor of plant 
pathology, University of Vermont, and 
assistant plant pathologist, Vermont 
Agricultural Experiment Station. 


B. E. Dahlgren, chief curator of the 
Botany Department, Chicago Natural 
History Museum, retired January 1. He 
will be succeeded by Theodor Just who 
joined the staff last August as associate 
curator. Mr. Dahlgren was a member of 
the Botany staff since 1909 and chief 
curator since 1924. 


John N. Belkin has been appointed 
head of the Biology Department of 
Mohawk College, Utica, one of the Asso- 
ciated Colleges of Upper New York, 
opened this fall especially for veterans. 
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Dr. Belkin served 39 months in the U.S. 
Army, where he worked on malaria con- 
tiol in the Asiatic-Pacific theater, and also 
was Russian interpreter for Headquarters, 
Armed Forces Pacific Area Command. 


Otto E. Guttentag, on temporary 
leave of absence from the University of 
California Medical School, has been 
appointed Consultant in Medical Educa- 
tion in Germany. His address for com- 
munications dealing with problems of 
medical education in Germany is: Otto 
E. Guttentag, Higher Education and 
Teacher Training Section, OMGUS, 
A.P.O. 742, c/o P.M., New York, New 
York. 


H. Radclyffe Roberts, assistant 
curator of Insects, and member of the 
Scientific Council and Board of Trustees 
of the Academy of Natural Sciences, 
Philadelphia, has been appointed manag- 
ing director, it has been announced by 
Charles M. B. Cadwalader, president. 
Dr. Roberts, with the Academy for about 
20 years, served during the war in the 
Medical Department of the Army and 
with Edward S. Ross, California Academy 
of Sciences, produced the mosquito 
atlas used by the armed forces in com- 
bating malaria. He has collected and made 
field studies in Africa, New Guinea, the 
Philippines, Hawaii, Mexico, Trinidad, 
as well as the United States. 


Joseph P. Weinmann, Loyola Un- 
iversity School of Dentistry, has been 
appointed associate professor of histology, 
University of Illinois College of Dentistry. 


Grants and Awards 


Scientists of all countries have been 
invited to compete in the next four years 
for prizes totaling $40,000, a fund estab- 
lished by the Sugar Research Foundation 
and administered by the National Science 
Fund, National Academy of Sciences. 
Established to stimulate scientific studies 
of sugar as a food and industrial raw 
material, awards of $5,000 wiil be given 
in 1947, 1948, and 1949, with a grand prize 
of $25,000 in 1950 for the most significant 
discovery of the preceding five years, 
Harlow Shapley, chairman of the National 
Science Fund announced. Winners of the 
preliminary awards are also eligible for 
the grand prize. 

In discussing rules governing the 
award, Dr. Shapley remarked that 44 
projects dealing with physiological, 
chemical, and industrial aspects of sugar 
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and its derivatives are being sponsored at 
universities under the direction of Robert 
C. Hockett, scientific director, Sugar 
Research Foundation, through grants-in- 
aid of more than $500,000. The Founda- 
tion, supported by sugar producers and 
processors of the United States, Cuba, 
Canada, Puerto Rico, and the Dominican 
Republic, has been engaged since its for- 
mation in 1943 in collating and publishing 
existing information about sugar. 

Entries for the 1947 prize must be in 
the hands of the Executive Secretary of 
the National Science Fund, National 
Academy of Sciences, Washington 25, 
D. C., no later than February 1. 

Members of the Advisory Committee in 
charge of recommendations for the award 
include: A. Baird Hastings, Harvard 
University; Charles F.Kettering, General 
Motors Corp.; Carl S. Marvel, University 
of Illinois; Edmund W. Sinnott, Yale 
University; William C. Stadie, Univer- 
sity of Pennsylvania; and Vincent du 
Vigneaud, Cornell University Medical 
College. The 1946 prize was awarded 
recently to W. Z. Hassid, H. A. Barker, 
and M. Doudoroff, University of Cali- 
fornia, for the enzymatic synthesis of 
crystalline sucrose. 


The Committee on Scientific Re- 
search of the American Medical 
Association has made the following 
grants for 1947: 

Wesley Spink, University of Min- 
nesota, brucellosis; Catharine Mac- 
farlane, Women’s Medical College of 
Pennsylvania, value of periodic pelvic 
and breast examinations for cancer; 
L. R. Cerecedo, Fordham University, 
vitamin B deficiencies in rats and mice; 
Reuben Mokotoff, Montefiore Hospital, 
New York, relation to edema of renal 
clearance in congestive heart failure; 
James H. Leathem, Rutgers University, 
antihormones; George Sayers, University 
of Utah, pituitary adrenocorticotropic 
activity; Paul F. Hahn, Vanderbilt 
University, radioactive manganese in 
Hodgkin’s disease, Leukemia, lymphoma; 
Bernard N. E. Cohn, National Jewish 
Hospital, Denver, experimental bone 
tuberculosis; Harold J. Harris, New 
York, diagnosis and treatment of bru- 
cellosis; Rollin A. Daniel, Jr., and F. T. 
Billings, Vanderbilt University, atabrine 
in the treatment of tuberculosis; Hans 
Popper, Cook Caunty Hospital, Chicago, 
morphology of the liver in relation to 
function; Frederick H. Howard, Lincoln 
Hospital, New York, vectocardiographic 
research; Archie R. Tunturi, University 
of Oregon, acoustic system of the dog; 
Hovey Jordan, University of Vermont, 
hear method in the teaching of 

istology; Rachmiel Levine, Michael 
Reese Hospital, Chicago, secretion and 


metabolism of progesterone in threate 
abortion; A. M. Lassek, Medical Coll 
of South Carolina, degenerative oh 
nomena in the pyramidal tract, — 
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Colleges & Universities 


Zoologisches Institut, Univergiy 
Vienna I, Austria, was three-fouyyj 
destroyed, but the collection and libr, 
are almost completely preserved, acco 
ing to a letter from Felix Mainx, forme 
assistant professor of plant physiol, 
and genetics at the German University, 
Prague, and now at the Institut. Tech 
nical equipment and genetic matey 
were lost, and current literature is lackiy 
Reprints on genetics and plant physiol 
sent to the above address would } 
appreciated, the letter indicates. 


B. F. Skinner, professor of po,mmeordin 


chology, University of Indiana, wil 
William James Lecturer in Psychololiimmof the 
at Harvard University during the ifmmstudic 


term of 1947. Prof. Skinner, fifth psmmish ai 
chologist to hold the appointment, 9 
discuss the psychological analysis i 
verbal behavior in a series of 10 wee) 
lectures. During the period he will a 
offer a graduate seminar on the princips 
of behavior. 

Previous William James Lecturers 
Psychology have been John Deve 
Wolfgang Kéhler, Kurt Goldstein, 
E. L. Thorndike. 


The new Research Division, Depi 
ment of Student Life, College of the (i 
of New York, is engaged in an intenst 
study of the effectiveness of entra 
examinations, the results of which wil 
published by Frank K. Shuttlew 
director of the Division. 


The University of Minnesota 4 
accepted a gift of $15,000 to establish im 
Conway MacMillan Memorial 
Fellowship in Botany and has chos¢t 
first recipient of the $1,200 annual a! 
A. Stanley Holt, graduate student at 
University of Minnesota working 00! 
evolution of oxygen by chloroplasts in 
presence of oxidizing agents. The gift 
presented by Charles J. Brand, fom 
student of Prof. MacMillan and for ™ 
years active in the U. S. Departmet 
Agriculture and the trade associ 
field. The donor provides that the p= 


Sixtes 


ciation 


pal sum and the interest be spent i! Bod xy 
years. Bf Minin 
Prof. MacMillan was for 
years head of the Department of Bot# : fineers: 
University of Minnesota, begirnint 
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Engineers, Inc.; American Welding So- 
ciety; Mining Association of California; 
Northwest Electric Light and Power 
Association; Pacific Coast Electric As- 
sociation; Purchasing Agents Association 
of California, Inc.; Society of Automotive 
Engineers; Western Oil and Gas As- 
sociation; and the American Petroleum 
Institute. 

Further information may be obtained 
from W. H. Eisenman, managing director, 
W.M.C.E., Hotel Leamington, Oakland, 
California. 


#887, and an active teacher, writer, and 
© esearcher in his field. In 1899, according 
Mito the donor, he originated the idea of 
| Bpopping other grains as popcorn is 
Bpopped, a process later patented by a 
olleague, who continued the experi- 
mentation. 

The research fellowship is available 
nnually to doctoral students in botany 
Me ho have their Master’s degrees from the 
University of Minnesota or institutions 
§ .{ similar standing. In the terms of the 
gift, special mention is accorded those 
Strom the University of Chile and the 
Catholic University of Chile. 


Alpha Epsilon Delta, national hon- 
orary premedical fraternity, in cooper- 
ation with the University of Louisville 


Instituto de Pesca del Pacifico has 

uld Ween founded at Guaymas, Sonora, will bring together faculty members from 

Bfexico (Apartado Postal No. 34), ac- more than 100 colleges and universities 
ia Bcording to René Niifiez, who has begun at a conference on premedical education 
wi] ifitresearch there on the biology and fisheries Louisville ; F ebruary 21-22. The 
cholopfmmmof the Mexican west coast. Sefior Nafiez Program, for institutions = Indiana, 
the S studied at Stanford University under a Illinois, Kentucky, Michigan, and Ohio, 
th yefEFish and Wildlife Service fellowship. will include one session on the basic 


sciences and another on social sciences 
and humanities in relation to medical 
education. Inquiries may be addressed 
to Dr. Hugh E. Setterfield, School of 
Medicine, Ohio State University, Colum- 
bus 10, Ohio. 


The Natural Resources Council of 
America was organized at Mammoth 
Cave, Kentucky, October 25-26, “to 
advance attainment of sound natural 
resource management in the public 
interest,” according to Howard Zahniser, 
representing the Wilderness Society. 
The functions of the Council as set forth 
in a program adopted unanimously at the 
October meeting “shal! be to effect closer 
cooperation and coordination of member 
organizations . . . make available to mem- 
™ More than 40,000 metal scientists, ber organizations scientific data and other 
Engineers, and executives are expected information to aid them in intelligent 
eo attend the fifth Western Metal Con- determination of conservation problems.” 


Meetings 


' The American Academy of Oral 
Pathology will hold its first annual meet- 
Ming at the Stevens Hotel, Chicago, Febru- 
Beary 9. The Academy, organized to promote 
Bnterchange of ideas in oral pathology, 
advance sound scientific procedures in 
Miclinical dentistry, and stimulate research 
fend teaching, was organized by the Reg- 
Mastry of Dental and Oral Pathology of 
he American Dental Association at the 
rmy Institute of Pathology. Applica- 
ons for membership may be made 
hrough the secretary, Lt. Col. Joseph L. 
emier, Army Institute of Pathology, 
ashington 25, D. C. 
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urers 
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Depat 
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hosed Meress and Exposition to be held in the Organizations represented at the 
al ava fo Oakland, California, Civic Auditor- meeting were National Audubon Society, 
t at"Bigums in the San Francisco-Oakland area Friends of the Land, Wildlife Manage- 
3 ON Bor six days beginning March 22. ment Institute and American Wildlife 
ts“ Sixteen western divisions of the Foundation, American Nature Associ- 
gilts Bollowing technical societies are actively ation, Ecological Society of America and 
ae Booperating in the activities of the Limnological Society of America, Izaak 


Walton League of America, National 
Wildlife Federation, National Parks 
Association, and the Wilderness Society. 


@ ngress: American Society for Metals, 
eePonsors of the event; American Chemical 
mociety; American Foundrymen’s As- 
ciation; American Industrial Radium 
id X-Ray Society; American Institute 
Mining and Metallurgical Engineers; 
@™crican Institute of Electrical En- 
eeneers; American Society for Testing 
aterials; American Society of Tool 


Elections 


The Emory Chapter of Sigma Xi, 
Emory University, Georgia, has elected 
the following officers for 1947: Howard 
M. Phillips, president; James L. Mor- 


rison, vice-president; Charles T. Lester, 
treasurer; A. C. Munyan, custodian; and 
Robert Lagemann, secretary. 


The American Mathematical So- 
ciety at its annual meeting in Swarth- 
more, Pennsylvania, December 28, 
elected Einar Hille, Yale University, 
president; P. A. Smith, Columbia 
University, vice-president; J. R. Kline, 
University of Pennsylvania, secretary; 
T. R. Hollcraft, Wells College, associate 
secretary; and B. P. Gill, College of the 
City of New York, treasurer. 


'The Genetics Society of America 
has elected the following officers for 
1947: H. J. Muller, president; L. BH. 
Snyder, vice-president; and M. R. 
Irwin, secretary-treasurer. 


Shell Development Research Club, 
affiliated with Sigma Xi, elected for 
1947, Fred H. Stross, chairman; Harold 
T. Byck, past chairman; Robert G. 
Larsen, chairman-elect; Bradford P. 
Geyer, secretary; and T. Kirk Miles, 
treasurer. 


The Botanical Society of Washing- 
ton, D. C., has elected the following 
officers for 1947: Harry R. Fulton, 
president; Eugene A. Hollowell, vice- 
president; Elmer C. Stevenson, recording 
secretary; Anna E. Jenkins, correspond- 
ing secretary; Wilbur D. McClellan, 
treasurer; Lee M. Hutchins and Ronald 
Bamford, counsellors; John A. Stevenson, 
archivist; and L. Edwin Yocum, repre- 
sentative to the Washington Academy of 
Sciences. 


The U. S. Department of Agricul- 
ture announced on November 25 the 
successful commercial application of its 
development for making bristles from 
casein. Louis B. Howard, chief of the 
Bureau of Agricultural and Industrial 
Chemistry, stated that research on the 
new product was initiated four years ago 
at its Eastern Regional Research Labora- 
tory, Philadelphia, to find a suitable 
substitute for imported natural bristle. 
The artificial fiber, developed by Thomas 
L. McMeekin and associates, attracted 
the interest of numerous companies, and 
one of these, The Rubberset Company of 
Newark, is opening a new factory at 
Salisbury, Maryland, for the manufacture 
of casein bristle and brushes, using the 
process developed by the Department 
scientists. The artificial bristle is made by 
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extrusion of a mixture of casein and water 
through a suitable die, after which it is 
subjected to finishing operations. The 
final product is round in cross-section and 
has a black color comparable to that of 
horsehair or pig bristle. Like other arti- 
ficial fibers, it can be produced in any 
length desired and in a range of diameters. 
Of many possible uses, the bristle is 
particularly adapted to the construction 
of paint brushes, since it is resistant to 
oils and organic solvents. 


The National Registry of Rare 
Chemicals, Armour Research Founda- 
tion, 35 West 33rd Street, Chicago 16, 
Illinois, indicates that the following 
chemicals are needed: 4bromomethyla- 
zobenzene; 2-hydroxyhexy] aldehyde; 2- 
hexen-l-ol; pulegone; thujone; tetra- 
bromo-xylene; 1,3-pentanediol; cyclo- 
butadiene; 3-amino-2,4-dimethylbenzoic 
acid; aluminum borotartrate; indican; 
stearolic acid; behenolic acid; d-camphor; 
i-menthol; carbonyl cyanide; di-o-toly]l 
zinc; 2,2’,2”-tripyridyl; 1,1,1,2,3-pen- 
tachloroisobutane; 1,1,2,3-tetrachloro- 
isobutane. Communications regarding 
these should be directed to the Registry 
at the address given above. 


Chronica Botanica has recently 
issued its first monthly newsletter sup- 
plement, Biologia, designed to report 
quickly on biological developments of 
professional and international interest. 
The format of Biologia is based on a copy 
of the Massachusetts Centinel of 1786. 
The newsletter, which will carry short 
items rather than discussions or articles, 
will be sent to subscribers of Chronica 
Botanica free and is available to others 
at the rate of $4.00 for two years. 


The U. S. Civil Service Examiners, 
Philadelphia Quartermaster Depot, have 
announced examination for the position 
of chemist, salary range $4,902 to $7,102, 
for duty at the Philadelphia Quarter- 
master Depot and other agencies in the 
Third Civil Service Region. Duties of the 
positions involve chemical research and 
development. Applicants, who will be 
rated on the basis of their experience and 
training, must submit applications to the 
Executive Secretary, Board of U. S. 
Civil Service Examiners, 2800 S. 20th 
Street, Philadelphia 45, Pennsylvania, 
not later than February 6. 


The Chicago Natural History 
Museum is currently showing ‘The 
Incas,” an exhibit of 32 large photographs 
by Frank Scherschel, photographer for 
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Life, who spent many weeks in Peru 
exploring and photographing traces of the 
Inca civilization. The exhibit, recently 
displayed at the New York American 
Museum of Natural History and the 
Metropolitan Museum of Art, will 
continue in Chicago through January 19. 
The photographs were taken for the 
most part in the Urubamba Valley and 
include the ruins of Fort Sacsahuaman, 
the hillside village of Winay Wayna, 
explored in 1941, Ollantaytambo, and 
Machu Picchu. Thirteen of the panels 
are devoted to Machu Picchu, one of the 
best preserved of the Inca cities. 


Mendel’s manuscript, ‘‘Versuche 
iiber Pflanzen Hybriden,” it is re- 
ported, was removed from the Natural 
History Society, Brno, Czechoslovakia, 
by a German professor at the time of the 
Russian occupation. The report comes 
from Herbert C. Hanson, chief, Agri- 
cultural Division, UNRRA Mission to 
Czechoslovakia, who, in communication 
with Dr. Jaroslav KffZenecky, Zootech- 
nical Research Institute and College of 
Agriculture, Brno, learned that Otto 
Richter, German professor who took over 
the chair of plant physiology in the 
Masaryk University and assumed charge 
of the quarters of the Natural History 
Society, carried Mendel’s manuscript 
about with him in his briefcase. When the 
Germans evacuated, Richter disappeared 
and, it is thought, took the manuscript 
with him to Germany or Vienna. To date, 
though search has been made, it has not 
been found. 

The manuscript had been at the 
Natural History Society in Brno since 
1910, when it was found by Prof. Hugo 
Iltis in a wastepaper basket in the 
library of the Society. 


Recent Deaths 


Edgar Lee Hewett, 81, archae- 
ologist, died December 31 at Albuquer- 
que, New Mexico, where he was director 
of the Museum of New Mexico at the 
time of his death. Since 1906 Dr. Hewitt 
had been director of American research 
for the Archaeological Institute of 
America; since 1907, director of the 
American School of Archaeology, now 
the School of American Research, and 
president of its Executive Board since 
1930. Between 1923 and 1930 he took 
part in expeditions in Palestine, Syria, 
Arabia, Mesopotamia, Morocco, Algeria, 
Tunisia, and the Sahara. He also directed 


excavations in Guatemala and the south. 
western United States. 


Eugene Charles Rowe, 76, formerly 
head of the Department of Psychology 
and Education, Central State Teachers 
College, Mt. Pleasant, Michigan, died 
at St. Petersburg, Florida, December 31. 


Johann Georg Koenigsberger, 7), 
professor emeritus, University of Berlin, 
died December 3 in Freiburg, Breisgay, 


Princeton Bicentennial 


A conference on the “Problems of 
Mathematics,”’ one of a series in celebra. 
tion of the bicentennial of the founding of 
Princeton University, was held at 
Princeton December 17-19. There were. 
in addition to local mathematicians, 76 
other participants, 12 of whom came 
from outside the United States. 

The conference was organized in the 
form of nine round tables on various 
subjects, with the discussion oriented 
as far as possible toward formulation 
of problems for future work. The sessions 
were as follows: Algebra—chairman, 
E. Artin; reporter, G. P. Hochschild; 
discussion leaders, G. Birkhoff, R. 
Brauer, N. Jacobson; Algebraic Geo- 
metry—chairman, S. Lefschetz; reporter, 
I. S. Cohen; discussion leaders, W. V. 
D. Hodge, O. Zariski; Differential 
Geometry—chairman, O. Veblen; 
porter, C. B. Allendoerfer; discussion 
leaders, V. Hlavaty, T. Y. Thomas; 
Mathematical Logic—chairman, A. 
Church; reporter, J. C. C. McKinsey; 
discussion leader, A. Tarski; Topology— 
chairman, A. W. Tucker; reporter, S. 
Eilenberg; discussion leaders, H. Hopl, 
D. Montgomery, N. E. Steenrod, J. H. ¢. 
Whitehead; New Fields—chairman, J. 
von Neumann; reporter, V. Bargmann; 
discussion leaders, G. C. Evans, F. D. 
Murnaghan, J. L. Synge, N. Wiener; 
Mathematical Probability—chairman, 5. 
S. Wilks; reporter, J. W. Tukey; discus 
sion leaders, H. Cramér, J. L. Dool, 
W. Feller; Analysis—chairman, S. Boch: 
ner; reporter, R. P. Boas; discussion 
leaders, L. V. Ahlfors, E. Hille, M 
Riesz, A. Zygmund; Analysis in the 
Large-—chairman, M. Morse; reporter, 
M. Shiffman; discussion leaders, ® 
Courant, H. Hopf. It is planned to isstt 
shortly a descriptive pamphlet, and later 
a more complete monograph, covering 
the work of the conference. The mo 
ograph will contain an extensive list 
the problems proposed. 
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The Polished Rocks of Cornudas 
Mountain, New Mexico 


WALTER B. LANG 
U. S. Geological Survey, Washington, D. C. 


In 1941 (J) I presented my recollections and inferences 
concerning certain polished surfaces I had noticed on the 
porphyritic rocks of the Hueco and Cornudas Mountains in 
Texas and New Mexico. Lately I had opportunity to give 
more than casual attention to the appearance and relation 
of the polished surfaces to the rocks on which they are found 
about Cornudas Mountain. 

Both Cornudas Mountain and the Hueco Tanks, which lie 
along the western Texas and New Mexico boundary and are 
about 35 miles apart, are plugs or laccolithic intrusions inject- 
ed into Permian strata from the same igneous magma. The 
rock is a porphyritic syenite composed of potash feldspar 
with a small amount of plagioclase, and hornblende, amphi- 
bole, biotite, and magnetite. Fresh specimens of the rock 
range in color from a faint pink to a pale gray, depending 
on the inherent color of the feldspar. Weathering of the rock 
frees iron from the ferromagnesian minerals, and a coating of 
hydrous iron is formed over the weathered surface of the rock 
which imparts to it a dark reddish-brown color and causes the 
mountain to glisten in the sun like copper-bronze. 

The natural rupture of the rock, either by fracture or spall- 
ing, produces a roughened, hackly surface. The fracture 
tends to pass around rather than through the phenocrysts of 
feldspar. Thus, the feldspars commonly stand out as much 
as an eighth of an inch or more above the general level of 
the rock surface. Spotted over this natural roughened surface 
of the rock are occasionally to be found highly polished areas. 
These polished surfaces were seen only on the southeast side 
of Cornudas Mountain and only within a relatively narrow 
zone where the coarse rock talus at the base of the cliffs meets 
the detrital apron. Some enormous blocks of rock have fallen 
from the cliffs and tumbled out to isolated positions on this 
surrounding and flat-lying detrital apron. Most of these 
boulders show some evidence of polish. 

Often within the center of a polished area covering 5 to 25 
square feet of rock there are no irregularities—only a smooth, 
glassy surface. This highly polished surface grades outward 
into a normal rough rock surface through a marginal zone 
wherein the phenocrysts stand out like rounded and polished 
cameo buttons in a rough, granular, intaglio background. 
Thus, a gradation in the state of perfection of the polish is 
displayed. In the marginal zone the projections of the 
phenocrysts are progressively less rounded off outward, and 
the depressions have received no polish where the higher pro- 
ttusions are not well worn down. It is evident that the polish 
is due to lapping by a flexible medium which was capable of 
tollowing to some degree the irregularities of the original 
Surface and thus extending the buffing process somewhat into 


the recessed parts of the surface. Only one agency is likely 
to have produced such an effect upon these rocks: It is a com- 
mon habit for grazing animals to choose certain places to 
scratch their hides. The hides of animals contain oily matter, 
and this, when combined with the fine dust which animals 
habitually toss upon themselves, forms an effective abrasive 
capable of wearing away rock and producing a high polish. 

An examination in section of the polished surface shows a 
thin discoloration band, extending an average of »'5 inch in 
depth, which is apparently due to absorption of animal fat. 
It is different in appearance from that due to the staining 
by hydrates of iron. To determine the presence of oil or fat, 
a piece of the rock having 4 square inches of polished surface 
was submitted to W. W. Brannock, of the Chemical Labora- 
tory, Geological Survey, for test. The material was treated 
with carbon bisulfide after being broken into coarse fragments, 
and the solvent was evaporated in a porcelain dish. For 
even so small an area of polished surface as that borne by this 
piece of rock a very sizable spot of honey-yellow oily matter 
remained on the porcelain dish. A blank test of the carbon 
bisulfide proved that vily matter had been extracted from 
the rock. The associated brown stain was also chemically 
proved to be an iron compound. 

Under low-power magnification a shriveled coating of an 
amber-colored substance was repeatedly observed on the 
surface of the highly polished feldspar phenocrysts. This 
material had the appearance of a dried-out oil film, but both 
flame and heat tests failed to show any expected results. The 
material proved refractory. Microscopic examination dis- 
closed that it is isotropic and is silica in the form of opal. 
From these facts it is deduced that the fine silica dust mixed 
with oily fats was rubbed on the surface of the rocks by ani- 
mals, and that in the decades, if not centuries, of exposure to 
the elements since the last animal used the rock for a rubbing 
post, the silica weathered to opal, and the oil gradually van- 
ished from the surface film. As the oil distilled away in the 
heat of the sun, the film shrank, and the residuum of opal 
formed a shriveled and mummified skin on the face of the 
feldspar phenocrysts. 

These few facts seem convincing evidence that the polished 
surfaces of rock about Cornudas Mountain are of animal origin. 


Reference 
1. Lanc, W. B. Science, 1941, 94, 390. 


Vitamin C Content of Mexican 
Ornamental Plants 


Francisco GrraL and Luz MARIA DE LA TORRE 
National Polytechnic Institute, Mexico, D.F. 


It is known that the leaves or flowers of certain inedible 
ornamental plants are very rich in vitamin C: 600 mg./100 
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grams fresh substance in the lily (/); more than 10,000 mg./ _ values found in each case to the dry basis. Ex 
100 grams dry substance in gladioli (7); 900 mg./100 grams All the plants selected are ornamental flowers common jy Re 
fresh substance (5) or 6,000 mg./100 grams dry substance (2) Mexico, D. F., and were analyzed the same day they er Di 
TABLE 1 
Fresh substance Dry substance 
Ascorbic 
Total Scorbic 
Botanical name English name Part of plant Month Ascorbic acid + solids | Ascorbic | 2*id + 
gathered acid dehydro- (%) acid _ | dehydro. Ir 
grams) (mg./100 grams) (mg./tt0 
grams) gTams) essel 
In \ 
Althaearosea Hollyhock Petals June 64.6 73.3 18.7 344.3 391.9 in th 
Bellis perennis True or English daisy e May 37.4 40.4 14.9 251.0 271.1 _ | 
the ¢ 
Bouvardia longiflora June 90.3 91.7 11.5 785.2 797.3 Tk 
airs 
Centaurea Cyanus Cornflower or bachelor’s- - May 79.5 81.2 16.7 476.0 486.2 a 
button 
wate: 
Dianthus Caryophylius White carnation or clove _ April 126.4 131.5 16.0 790.0 821.8 amou 
pink twoa 
Red carnation or clove pink - 136.2 15.6 873. = t 
Wi 
Gardenia augusta Gardenia June 49.0 59.4 17.0 288.2 349.4 } pignn 
Leaves 135.5 143.0 34.8 389.3 410.9 days 
Gladiolus byzantinus Gladiolus, white Petals = 118.3 122.0 6.3 1,877.7 | 1,936.5 — 
Leaves “ 52.8 55.8 27.9 | 199.2 | 200.0 fae 1:50: 
Stalks 134.0 135.2 14.7 911.5 919,7 given 
single 
Hydrangea Hortensia Hydrangea Petals ° 36.4 44.2 23.9 152.3 184.9 dose { 
Leaves 27.3 34.3 13.9 196.4 246.7 q 
The « 
Lathyrus odoratus Sweet pea, white Petals May 72.9 74.4 13.6 536.0 547.0 4 anima 
therar 
Lilium candidum Madonna lily a = 45.6 50.5 8.4 542.8 601.2 B anima 
Leaves 53.4 55.3 13.2 404.5 | 418.9 
Stalks 29.7 34.1 15.4 192.8 nid a 
than t 
Philadelphus mexicanus Mock-orange Petals ss 35.7 37.1 12.9 276.7 287.6 - On 
} cree 
Rosa centifolia Cabbage rose, white “ 64.9 | 75.4 7.4 | 372.9 | 433 Me 
Leaves 11.4 17.1 32.0 35.6 53.4 ‘moun 
| The 
Rosa fragans Tea rose Petals June 91.2 106.6 17.2 530.2 619.8 a1:1,¢ 
fate (; 
Zantedeschia aethiopica Calla lily 4 April 90.8 97.6 | 13.4 | 677.6 728.3 ate (a 
Leaves 109.4 | 113.0 | 20.2 | sais | 
Stalks = 11.1 15.6 | 6.3 | 176.2 | 247.6 f Was 12 
— — tion 
Were al 
in Primula officinalis; and lesser quantities in other flowers gathered. The results obtained are reported in Table 1. i deeply 
(4, 6). 4 and me 
The extraction of vitamin C from gladioli has been included References : the exc 
in the subject matter of industrial patents (8). Coverin, 
. Baumann, E. J., zcER, N. . Soc. exp. Biol. Med., 1933,% 
As a contribution to the knowledge of the distribution of 1268 ens ate B control. 
vitamin C in inedible plants, we have determined its content 2. Devyarnin, V. A., Skoropocatova, E. P., and Zvory«ina, VI : lost 25 
in ornamental Mexican plants, by the colorimetric method, Chem. Abstr., 1944, 4099. J the con 
using 2,6-dichhlorophenol indophenol, determining in each 3. A.,and Biochem. J., 1934, 28, 1, 154; Bioch™ Were sa 
; i : ; J., 1936, 30, 25 (after a modification of M. Ott. Angew. Chem., 1%, appe 
case ascorbic acid alone and the total ascorbic acid plus dehy- 51, 537) B “Ppeare 
droascorbic acid by the usual method of reduction with H,S 4. Griese, C., and Hess,G. Z. Unters. Lebensm., 1940, 79, 168. On hi 
after precipitating with mercuric acetate (3). 5. Keys, O. H. Chem. Absir., 1944, 176. q amount: 
In each case we have indicated the part of the plant analyzed ° Sosa-BourpourL, C. Bull. Mus. Hist. Nat., 1941, 13, 503. 4 choroid 
dth 7, Wreters, H. Mercks Jahrb., 1936, 49, 77. toxi 
and the month in which it was collected. Wehavedetermined _ pat. U. 2078, 237; Chem. Abstr., 1937, 5111; Pat. Can. 36 It 
PP 


also the per cent of total solids and have recalculated the two 108; Chem. Abstr., 1937, 4060. 


66 


|e 

| 
| 

4 

| 

| 

. 

DY 

| 


animals that BAL is incapable of mobilizing silver, which is 
deposited in the tissues as metallic silver or silver oxide. It 
seems likely, therefore, that BAL should prove of little or no 
value in the treatment of argyria in man. It is interesting to 
note the marked resistance of the rat to poisoning by BAL. 
No acute symptoms resulted from the injection of 0.2 mM/kg., 


| Experimental Argyrosis: II. Treatment of 
in HE Rats Receiving Silver With 2,3- 
Dimercaptopropanol (BAL) 


Cartes T. Otcotr and WALTER F. RIKER, JR. 


¢ | Departments of Pathology and Pharmacology, and there were no chronic effects from the repeated adminis- 
— Cornell University Medical College, New York City tration of this quantity of BAL. 

thic 

ha | Ina previous communication (3) it has been reported that References 

+e silver pigment is deposited in the experimental rat ina way 4. Eacte, H., Macnuson, H. J., and Fterscuman, R. The systemic treat- 
/100 essentially similar to that in which it is deposited in man. ment of experimental arsenic poisoning with 2, 3-dimercaptopropanol 


(BAL). (To be published.) 
2. Lonccore, W. T., and Luetscuer, J. A., Jr. J. clin. Invest., in press. 


In view of the efficacy of 2,3-dimercaptopropanol (BAL) 


in the treatment of poisoning with arsenic (1, 4) and mercury 
(2), it appeared desirable to study the effect of this agent on 
the experimental argyrosis of the rat. 

The experiment was carried out on four rats, grouped in 
} pairs and placed on a diet of dog pellets. The first pair re- 


3. Oxcotr, C. T. Experimental argyrosis. New York: New York Patho- 
logical Society, 1944. 
4. Rixer,W.F. J. Pharm. exp. Therap., 1946, 87, 66. 


The Movement of Substances Through 


a ; ceived a solution of 1:1,000 silver nitrate in place of drinking 
water for a period of 456 days. During this time a total 

1.8 amount of 23.2 grams of silver nitrate was consumed by the 
two animals, or an average of 11.6 grams each. On the 457th 

; day the silver nitrate solution was discontinued and replaced 


a Two-phased Solution System! 


T. C. BRoYER 
University of California, Berkeley 


= by water. At this time the eyes of both rats were distinctly A thermodynaniically sound treatment is essential to an 
9.4 | pigmented, one slightly more so than the other. Eighteen uoniiiiiiiian ding of the movement of substances through solu- 
0.9 days later the more deeply stained rat was started on treat- tions. Manifestations of flux are common in aqueous bio- 
6.5 7 with = ramuscular BAL. The BAL ae eee wollen logical systems. These phenomena are logically expressed 
9 1:50 dilution in cottonseed oil. A total of nine injections was on tle basis of the concept of escaping tendency or free energy 
9.7 J siven on alternate days, covering 7 period of 18 day ws Each of a constituent component. Certain fundamentals of the 
> : single dose was 0.2 mM/kg. (10 umes the minimal effective process are presented in the hope that the free-energy concept, 
61 q dose for the treatment of acute arsenic poisoning in the cat). as it applies to this movement, will be adopted generally by 

q The other rat was maintained as a control. The treated biologists. The tendencies for movement of water will be 
7.0 animal showed a weight loss of 30 grams over the period of 


} therapy, but otherwise appeared healthy. The control 
animal lost 6 grams. Both animals were sacrificed on the 21st 
» day, at which time the eyes of the treated rat were still darker 
than those of the control. 
= On histological examination, the eyes, thyroid, liver, pan- 
} creas, spleen, and kidneys contained an apparently identical 
; amount of silver deposit. No lesions were found in either rat. 
s The second pair of rats received for a period of 514 days 
a 1:1,000 solution of silver chloride with added sodium thiosul- 
§ fate (approximately 1:300) in place of drinking water. The 
§ total average silver chloride intake for each of the two animals 
Sas 12.9 grams. On the 515th day the silver chloride solu- 
F tion was replaced by drinking water. The eyes of the pair 
s ere also distinctly pigmented. Eighteen days later the more 
deeply stained rat was started on BAL therapy. The dose 
and manner of administration was as described above, with 
| the exception that a total of 18 injections of BAL was given, 
B Covering a period of 38 days. The cage mate was kept as a 
}control. During the period of treatment the treated animal 
lost 25 grams in weight, but otherwise appeared healthy; 
B the control showed a 3-gram gain. On the 42nd day both 
Were sacrificed, at which time the eyes of the treated rat still 
s¢ppeared darker than those of the control. 
| On histological examination, there were apparently identical 
p “Nounts of silver deposits in the thyroid, kidneys, eyes, and 
§ choroid plexus of each rat. There were no lesions indicating 
toxic effect in either rat. 
It appears from these observations on a limited number of 


discussed first, followed by that of a solute in an aqueous 
solution system. 


WATER MOVEMENT 


Pure water possesses an internal energy representing the 
sum of its internal kinetic and potential energies. At thermo- 
dynamic equilibrium, a steady state, the free energy »f the 
water is equal throughout the phase. The free energy or 
escaping tendency of the water molecules may be modified by 
the application of certain chemical or physical influences. 
The addition of a solute to water lowers the free energy of the 
solvent in the resultant solution. The application of a pres- 
sure to water increases its free energy. At thermodynamic 
equilibrium within a solution consisting of two components, 


1 Detailed treatises will be printed in Botanical Review (1947), compre- 
hending the movement of water and of a solute. In these, references are 
made to earlier publications pertinent to the subject. 

Symbols used are defined as follows: p is an applied pressure, in a given 
state of the system, necessary to make f equal to f°; p° is an applied pres- 
sure, in a reference or standard state of the system; f is the partial molal 
free energy of a constituent component of a solution in a given state; 
f° is the partial molal free energy of a constituent component of a solution 
in a reference or standard state—here, at infinite dilution; v° is the partial 
molal volume of a constituent component of a solution in a reference or 
standard state—here, at infinite dilution; F is a specific (volumed) free 
energy of a constituent component of a solution in a given state; subscripts 
i and e refer to the separate phases of a two-phased solution system—here, 
internal and external, respectively; and subscripts (Af) or (—Af) refer to 
influences in or on a system, which increase or decrease, respectively, the 
free energy of a constituent component of a solution from that in a reference 
or standard state to that in a given state. 
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solvent water and a single solute, the free energy of each 
component is equal throughout the phase. If each com- 
ponent, the water or the constituent solute, is not at thermody- 
namic equilibrium throughout the phase, it will work itself 
through the solution toward equality of escaping tendency, in 
accordance with the difference in free energy. Here, this 
process is called a flux, the term diffusion being employed 
where migration is restricted to a response to a difference of 
concentration or activity of a constituent component in 
solution within a systém. 

‘In practice, the free energies themselves are not measured, 
but the difference in free energy of the component between 
that in the given state and that in a reference or standard state 
is determined. Gauging the pressure difference which would 
be necessary to adjust the free energy of the water from that 
in the given state to that in a reference state serves as a 
measure of the free-energy difference under the two conditions. 
In dilute solutions, where the free-energy difference of the 
water is due only to the presence of solute in the solution, 
these pressures and free energies are equated approximately 
through the relation, 


| 


0 


Vv 
Where pressure is imposed on the medium, as a single factor 
contributing to the free-energy difference of the water, the 
equation takes the form, 


The only difference between Equations 1 and 2 is that of 
algebraic sign. The net eilect of those influences which 
decrease the free energy of water and those which increase 
the free energy in a single phase may be expressed by the 
equation, 


ZF — = (3) 

The pressure which must be applied to make the free energy 
of water in a given state equal to that in a reference state may 
be conveniently observed by a two-phased system in which a 
semipermeable membrane, permeable to the water, is inter- 
posed. The difference in pressure which must be applied to 
the two phases to bring about thermodynamic equilibrium 
for water across the interposed membrane is a measure of the 
free-energy difference of the water between the two phases. 
The specific (volumed) free energy (F), numerically equal to 
the partial molal free-energy difference divided by the partial 
molal volume of the water, is likewise a measure of the free- 
energy difference. Moreover, it expresses the thermodynamic 
viewpoint of the escaping tendency of the water from one 
phase to the other in physically measurable dimensions, 
namely, pressures. These may be converted to dimensions 
of energy by means of a coefficient, namely, the partial mola] 
volume of the constituent component at infinite dilution of 
the solution. 

It is of interest to know whether water will tend to migrate 
from one phase (external) to the other (internal) due to a 


possible difference in free energy of the water, schematically 
represented by the formula, 


infl 
(external) H,O (internal). (4) 


The measure of the tendency for water to move is given by the 
difference between the free energy of the water in the interna] 
phase and that in the external phase of the osmoscope, namely, 
(fi — fe). If this difference is negative in sign, water will 
tend to migrate inward, as written in the previously cited 
formula (4). If the quantities ({; — f°) and (f. — f°) are deter. 
mined, then the difference between these values is (f, — f.). 

For a single phase, the net effect of those influences which 
decrease the free energy of water and those which increase 
the free energy was given by the relation, 


—(f — f°) 


0 (3) 


— ZF (At) = 


Then, for the two phases, the net influx specific free energy 

(NIF) is expressed by the equation, 
(ZF — ZF — — TF 
— (fj ie. fe) 
= ——— = NIF. (5) 

yo 
Instead of expressing the specific free energies in groups 
relating to the two phases, i and e, respectively, they may be 
rearranged into categories representing the sums of the specific 
free energies tending to cause the water to move inward (in- 
flux, IF) and outward (efflux, EF) across the membrane. 
The net influx specific free-energy equation for water then 
becomes 


NIF = — 2EF (6) 
or, in more detailed form, 
NIF = (2F(—atyi t+ 2F(Atye) — (ZF (—Atye + ZF (7) 


The latter mode of expression has certain advantages when 
used in connection with graphic presentations of the specific 
free-energy and volume relations of an osmometer. 


SOLUTE MOVEMENT 


By similar reasoning it may be shown that the fundamentil 
principles of the tendencies for movement of solute are analog 
ous to those discussed for water. The only differences i 
application of the general formulas relate specifically to tht 
influence of the solute concentration of a solution on tht 
specific free energy of a component. In the discussion af 
water movement the specific free energies referred to the s0! 
ventcomponent. There, an increase in concentration of solute 
in a solution is accompanied by a corresponding decrease 0 
the partial molal free energy of the water within the phas 
For solute migration, the specific free energies refer to a co” 
stituent solute species in solution. In contrast, therefore, 
increase in concentration of solute in a solution is accompaniet 
by a corresponding increase of the partial molal free energy ° 
the solute within the phase. In other words, the effect ofa 
solute in solution is included here, in Fcaf) rather than ” 
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Fi-as) of Equations 3, 5, and 7. In this case, the symbol y° 


4 refers to the partial molal volume of a constituent solute in 
solution. 

SUMMARY 

he The tendencies for movement of either solvent or solute in 

al solution through a two-phased system are expressed in terms 

ly, of specific (volumed) free energies. These are based on the 

‘ill concept of escaping tendency or free energy of a constituent 

ed component of a solution. This scheme is particularly useful 

er- to the biologist for evaluating the movement of water and 

ay solutes into cells or organs. 

ich 


The Effect of Streptomycin on the Oxygen 
Uptake of Eberthella typhosa'* 


(3) Ross S. BENHAM 


Department of Bacteriology and Parasitology, 
University of Chicago 


During the course of investigations into the mode of action 
of streptomycin, it was found that the oxygen uptake of sus- 
pensions of washed cells of Eberthella typhosa was increased in 
the presence of streptomycin. 

In 1934, Clowes and Krall (2) noted that dinitro compounds 

: increased the oxygen uptake of sea urchin eggs, while appar- 
S ently inhibiting cell division. In 1937, Clifton (7) found other 
substances which appeared to produce similar results in sus- 
pensions of bacteria and yeasts. Clifton took the view that 
(in J such substances, which increased oxygen uptake and also 
§ interfered with certain cell functions, exerted their effects by 
} inhibiting normal synthesis of cell components from the avail- 
able substrate. In addition, he suggested that these sub- 
stances might also favor oxidation of materials which had 
(6) fH already been stored by the cell. 

In this investigation oxygen uptake and respiratory quo- 
| ents were measured in the Barcroft-Warburg apparatus. 
| The phenomena which were observed resembled, at least super- 

icially, those noted by Clowes and Krall and by Clifton. 
While the Hopkins strain of E. typhosa was used throughout 


when 
cific Fe nost of this work, preliminary studies indicate that the results 
apply in general to other strains of E. typhosa, as well as to 
} Some other species of bacteria. With suspensions of the den- 
j sity used in this work it was found that streptomycin in a con- 
, Me centration greater than 500 units/ml. produced a change in 
. 
valor oxygen uptake which was readily measurable and reproducible. 
— since the dry weight of bacteria per milliliter of suspension was 
*pproximately 3 mg., such a concentration of streptomycin is 
not unduly high. 
ad Streptomycin, sufficient to make a final concentration of 
ca 1,000 units/ml., was added to a system in which endogenous 
solute Je respiration was proceeding at 37°C. in a phosphate buffer of 
vay 1 pH 7.40. The result was an immediate and rather marked 
P * increase in the rate of oxygen uptake. After two hours had 


1 
The work described in this report was done under a contract, recom- 


yre, 2) mended by the Committee on Medical Research, between the office of 
panied sclentific Research and Development and the University of Chicago. 
gy of ‘The streptomycin was provided by the Office of Scientific Research and 


evelopment from supplies assigned by the Committee on Medical Research 
 €xperimental investigations recommended by the Committee on Chemo- 
Berapeutics and Other Agents, National Research Council. 


passed, the rate of uptake decreased until at six hours it was 
less than that of the controls, in which the rate of uptake re- 
mained constant for many hours. 

The addition of glucose in a concentration of 6.01 per cent 
to a similar system also produced, of course, an increased rate 
of oxygen uptake. By the time that sufficient oxygen had 
been taken up to account for oxidation of about 65 per cent 
of the glucose as well as for endogenous oxidation, the rate of 
uptake had dropped to that of the controls. Further oxygen 
uptake occurred at this rate for many hours. 

During the same time, when streptomycin in a concentration 
of 1,000 units/ml. was present as well as the glucose, sufficient 
oxygen was taken up to account for complete substrate oxida- 
tion as well as for oxidation due to the presence of a similar 
concentration of streptomycin in the system, which contained 
no available substrate. After this had occurred, oxygen up- 
take continued at a decreasing rate. When six hours had 
passed, the rate of uptake was less than that of the controls. 

The evidence so far obtained indicates that the increase in 
oxygen uptake in the presence of streptomycin is not explain- 
able on the grounds that the bacteria are bringing about the 
oxidation of the streptomycin or of impurities in it. Respira- 
tory quotients are apparently increased 25 per cent by the 
addition of streptomycin to the previously described system, 
in which glucose is undergoing oxidation. In general, similar 
effects occur where other simple substrates are oxidized in the 
presence of streptomycin by the Hopkins strain of E. typhosa.~< 

The effect of streptomycin on the oxygen uptake of a strepto- 
mycin-resistant variant of the Hopkins strain is of particular 
interest. This variant was produced by passing a subculture 
of the Hopkins strain through peptone water and increasing 
concentrations of streptomycin until it grew well in the pres- 
ence of 1,100 units of streptomycin/ml. of peptone water. 
When glucose and streptomycin, the latter in a concentration 
of 500 units/ml., were both added to a suspension of the vari- - 
ant, the oxygen uptake was actually less than when glucose 
alone was added. When the streptomycin concentration was 
increased to 2,000 units/ml. under similar conditions, the oxy- 
gen uptake considerably exceeded the uptake which occurred 
when glucose alone was added. 

When 500 units of streptomycin/ml. were added to suspen- 
sions of the variant in the absence of available substrate, no 
significant change in oxygen uptake occurred, but when the 
streptomycin concentration was increased to 2,000 units/ml., 
there was a considerable increase in oxygen uptake. 

Preliminary studies of the biochemical changes produced in 
simple substrates by E. typhosa in the presence of streptomycin 
indicate that the presence of the antibiotic stimulates the pro- 
duction of changes which are compatible with the results ob- 
served in oxygen uptake studies. The utilization of carbo- 
hydrate substrate appears to be more complete and more rapid 
when streptomycin is present than when it is absent. It was 
found that streptomycin interfered with many of the com- 
monly used procedures for the identification and quantitative 
estimation of the by-products of metabolic activity. 

The investigation is in progress and will be reported in detail 
in a subsequent paper. 
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The Assay of New Rich Natural 
Sources of Ascorbic Acid 


Tusa, GEORGE HunTER, and Joun A. OSBORNE 


University of Alberta, Edmonton, Canada 


Plant materials which are reported as containing very high 
concentrations of ascorbic acid include the hips of wild Alberta 
roses, Rosa sp. (1,300-3,500 mg./100 grams of flesh) (5); hips 
of a cultivated rose, Rosa laxa (3,000—-5,000 mg./100 grams of 
flesh) (5, 6); green English walnuts, Juglans regia (2,000-3,000 
mg./100 grams) (8); a gooseberry found in India and West 
China, Phyllanthus Emblica (920 mg./100 ml. juice) (2); and 
recently there has been reported the finding of 1,000-3,300 
mg. of ascorbic acid/100 grams of edible matter in the West 
Indian cherry, Malpighia punicifolia (1). 

It is well recognized that there exist in some fresh plant 
materials, notably green walnuts, certain non-vitamin C 
substances that reduce the dye, 2:6-dichlorophenolindophe- 
nol, on titration with which most published values for ascor- 
bic acid in food materials depend. Means for differentiating 
true vitamin C from such non-vitamin C reductants are also 
well established (3, 4, 9). 

We have shown, in the case of rose hips that non-vitamin C 
reductants, if present at all, are negligible in amount and that 
the dye titration provides an accurate index of their true 
ascorbic acid content (6). For English walnuts, which, 
through the kindness of J. R. van Haarlem, of the Horticul- 
tural Experiment Station, Vineland, Ontario, we had the 
opportunity of examining, the case is quite different, as our 
results in Table 1 show. The values shown for non-vitamin 
C reductants are based upon the method of Levy (3). 


TABLE 1 


ViTaMIN C AND NoN-VITAMIN C DyE REDUCTANTS IN GREEN WALNUTS 
(Juglans regia) 


Totaldye | True | Non-vita- | Non-vita- 
Weight reduction | ascorbic min C min C 
Tissue :~ (mg. vita- acid reductants | reductants 
assayed wees min C/100 | (mg./100 | (mg./100 (% of 
g grams grams grams total dye 
tissue) tissue) tissue) reductants) 
Whole nut..... 8.5 1,622 1, 232 390 24 
Whole nut..... 4.2 1,027 638 389 38 
Mesocarp...... 6.1 2,114 1,830 284 13 
Epicarp....... 6.7 1,312 576 736 56 
Mesocarp...... 4.3 1,055 942 113 11 
Mesocarp’..... 1.37 2,065 1,931 134 7 
Epicarp*...... 2.13 956 578 378 39 


* Tissues from the same nut. 


Our assays show that the mesocarp contains more ascorbic 
acid than the epicarp and has a smaller proportion of non- 
vitamin C reductants. These findings are in accordance 
with the results of Wokes, et al. (8). It may also be observed 
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that the percentage of non-vitamin C reductants varies from 
approximately 5 to 60 per cent of the total titration in the two 
tissues, and up to nearly 40 per cent in the whole green nut, 
The highest concentration of vitamin C in the mesocarp js 
nearly 2,000 mg./100 grams. 

The work of Wokes, ef al. (7) would suggest that the pro- 
portion of non-vitamin C reductants present in green walnuts 
decreases with increased maturity. 

In view of such circumstances it would seem that values 
depending solely on the dye titration, reported for ascorbic 
acid in new food materials, should be accepted with much 
reservation. 
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Autolyzed Brain Tissue as a Means of 
Facilitating Transmission of 
Experimental Poliomyelitis! 


ALBERT and CHESTER L. Byro, JR 


Serum Center, Michael Reese Research Foundation, Chicayi 


Most attempts to infect various animals with poliomyeliti 
monkey-passage strains or infected human tissues failed unt 
Armstrong (/) was able to adapt the Lansing strain from 
monkeys to cotton rats and from the latter to white mice 
Since then many unsuccessful attempts to establish othe 
monkey-passage strains in various rodents have been matt, 
although the spreading factor of Duran-Reynals (2) and: 
variety of technics, such as rapid passage, brain traumi 
hyperpyrexia, chilling, and use of immature animals, hav 
been employed (5). Successful adaptation of a few othe 
monkey-passage strains in cotton rats has been reported }) 
Toomey and Takacs (8) and Jungeblut and Sanders (). — 

In harvesting brains and cords from CFW (Carworth) Sw 
mice paralyzed following intracerebral injection with the 
Lansing strain of poliomyelitis virus for the preparation a 
stock virus suspensions, we observed that autolyzed brait 
tissue removed from mice left in their cages for 7 or 8 hou" 
after death appeared to accelerate the incubation period a 


1 Aided by a grant from the National Foundation for Infanti 
Paralysis, Inc. 
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the disease in passage mice. The autolyzed brain tissue sus- 
pensions were bacteriologically sterile. Preliminary experi- 
ments showed that the same effect could be produced by mixing 
sterile, autolyzed brain tissue from normal mice with stock 
virus suspensions. Mice and cotton rats inoculated with 
autolyzed, normal brain tissue alone remained normal. 

For the present studies the autolyzed brain tissues were ob- 
tained from CFW normal mice that were killed by trauma and 
kept at room temperature for about 16 hours. Ether should 
not be used for killing because it seems to interfere with 
autolysis. A 10 per cent suspension by weight of autolyzed 
brain in nutrient broth (Baltimore Biological Company, pH 
6.8) was then prepared by grinding in a sterile mortar with 
alundum and filtered through sterile gauze. The pH of the 
autolyzed brain suspensions ranged from 6.9 to 7.1. The 
suspensions were used immediately after preparation or stored 
overnight in the refrigerator. All autolyzed brain tissues 
used were bacteriologically sterile. Adjustment of the auto- 
lyzed brain suspension to pH 4.0, using the buffer solution 
recommended by Hammon (3), did not alter its effect. The 
virus suspensions were prepared from the pooled brains and 
cords of mice paralyzed 2-5 days after inoculation in the same 
manner as described in a previous publication (6). 

Combined results of 8 to 10 different experiments with 
Lansing poliomyelitis virus comparing the incubation period 
and the LDge titer for CFW Swiss mice, using autolyzed brain 
suspension, buffered saline pH 4.0, and normal mouse serum 
diluents mixed with equal parts of 10 per cent virus suspension, 
are shown in Table 1. Groups of 8 or more mice were em- 


TABLE 1 
No. | LDwo Rangeof | 
Material inoculated of titer of a to produce 
mice virus 
Lansing virus + autolyzed 
154 1 X 1075 1-9 3 
Lansing virus + buffered 
1 X 10-4 2-18 7 
Lansing virus + norma 
48 (0.5 XK 1073 3-20 8.5 
Autolyzed brain control....| 48 0 | 0 0 


* Number of days between inoculation and onset of paralysis. 


ployed in each experiment. Control animals inoculated with 


f autolyzed brain alone remained normal, and sections of their 


brains and cords were negative. 

Five hamsters were inoculated intracerebrally (0.05 cc.) 
with 10 per cent Lansing strain in autolyzed brain diluent. 
Two became paralyzed after 24 hours, a third on the 2nd day, 
while the remaining animals were paralyzed on the 3rd and 
ISth days, respectively. in each instance the virus was suc- 
cessfully transferred to 8 mice and was neutralized by human 
poliomyelitis convalescent serum known to contain protective 
antibodies against the Lansing strain. We failed to produce 
infection in hamsters inoculated repeatedly with mouse-passage 
Lansing strain suspended in buffered saline pH 4.0 or normal 
mouse serum, although successful transmission to this species 
has been reported previously (7). 

Preliminary results in rhesus monkeys inoculated intra- 
crebrally with a 10’per cent suspension of the BK, Leon, 


and McK? strains of monkey-passage virus and the Lansing 
mouse-passage strain suspended in autolyzed brain diluent 
have shown a fulminating infection with rapidly progressing 
flaccid paralysis and a very short incubation period. His- 
topathologic studies of the sections of brains and cords of these 
monkeys showed lesions typical of severe poliomyelitis. 

Transfer of monkey-passage Leon strain to CFW Swiss mice. 
Ten per cent infected cord suspension from the 12th monkey- 
passage Leon strain* of poliomyelitis virus mixed with equal 
parts of 10 per cent autolyzed brain suspension was inoculated 
intracerebrally into each of 8 mice. On the 15th day one 
mouse developed paralysis of both front and hind legs, and 
the rest remained well. This animal was sacrificed, and its 
brain and cord suspension mixed with autolyzed brain was 
passaged to 8 additional mice. Two mice developed complete 
paralysis on the 13th and 21st day after inoculation, respec- 
tively, while the rest remained well. All of 8 mice inoculated 
with the third-passage virus mixed with autolyzed brain 
developed paralysis of one or more limbs in from 8 to 32 days. 
A cotton rat inoculated intracerebrally with the third-passage 
virus developed flaccid hind leg paralysis on the 17thday. The 
fourth passage was also made with autolyzed brain diluent, 
the 8 inoculated mice developing paralysis in from 4 to 17 days. 
Sections made of the brains and cords of fourth-passage mice 
showed lesions typical of severe poliomyelitis. The fifth 
passage was made with virus suspended in buffered saline pH 
4.0 and inoculated intracerebrally into 8 mice, a cotton rat, 
and a rhesus monkey. The mice all developed paralysis in 
2 to 9 days. The cotton rat showed paralysis of both fore 
limbs on the 8th day. The rhesus monkey had a temperature 
of 104.5°F. on the 5th day, paraplegia of the arms, and a right 
facial paralysis. On the following day this animal developed a 
complete quadriplegia and was sacrificed. Lesions typical of 
severe poliomyelitis were seen in sections of the brain and cord. 
Virus obtained from this monkey was passaged to a second 
monkey and 8 mice with positive results. The sixth-passage 
virus was completely neutralized by 1/100 dilution of human 
immune serum globulin, while control mice developed 
paralysis. 

In cross-immunity tests mice immunized with three weekly 
intraperitoneal injections (0.25 cc. each) of 10 per cent active 
Lansing and Leon mouse-adapted strains and challenged 
intracerebrally on the 2ist day with 10~ dilution of virus 
were immune to the homologous strain. Lansing-immunized 
mice were immune to challenge with the Leon strain, but 
Leon-immunized mice showed no immunity to the Lansing 
strain. 

There is always a hazard that a latent mouse neurotropic 
virus will be uncovered in attempting to adapt a monkey- 
passage strain to mice. The subsequent successful transfer to 
monkey of the fifth mouse passage of the Leon strain and also 
neutralization in high dilution with human immune serum 
globulin rules out the possibility of accidental contamination 
by a recognized spontaneous neurotropic virus in our stock 
mice. Furthermore, Leon-immunized mice were not immune 
to inoculation with Theiler’s mouse encephalomyelitis virus 
(FA strain). 

Attempts to transfer virus from other monkey-passage 


2 The BK, Leon, and McK strains were obtained through the courtesy of 
Dr. John F. Kessel. 
* Isolated by Dr. John F. Kessel from human autopsy in 1937. 
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strains and human cases of poliomyelitis to white mice and 
cotton rats, using autolyzed brain diluent, are now in progress. 

Summary. Autolyzed brain tissue diluent shortens the 
incubation period and facilitates the transfer of poliomyelitis 
virus to CFW Swiss mice, hamsters, and rhesus monkeys. 
The Leon monkey-passage strain of poliomyelitis virus was 
successfully adapted to CFW Swiss mice by means of this 
technic. 

Since this manuscript was submitted we have isolated 
several strains of poliomyelitis virus from infected human 
feces and spinal cord in CFW Swiss mice by means of this 
technic. 
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Semiquantitative Determination of Traces 
of Uranium: A Fluorophotometric 
Method for Field Use 


T. R. P. and Howarp T. Evans, Jr. 
Department of Chemistry, Massachusetts Institute of Technology? 


The method described below was devised in an attempt to 
meet a need for a lightweight portable apparatus for deter- 
mining traces of uranium. Restrictions of portability were 
such as to eliminate most chemical and physical methods from 
consideration. The procedure adopted is an adaptation of 
that employed by Hernegger and Karlik (/) and by Hoffmann 
(2), who succeeded in determining quantities of uranium of 
the order of 1 X 10~4 yg. 

The method used by the above-mentioned workers involves 
spectrophotometric measurement of the brightness of the 
fluorescence of a sodium fluoride bead containing traces of 
uranium, presumed to be in solid solution. A successful 
adaptation of this technique for use in a portable field kit was 
achieved by substituting a cast disc of more fusible material 
for the sodium fluoride bead and by employing a simple visual! 
comparator. Certain features of two fluorophotometers 
constructed and a brief summary of the results obtained 
appear to be of sufficient interest to warrant publication. 

The first fluorophotometer was constructed for laboratory 
use as follows: A General Electric AH-8 mercury lamp, 
powered by a constant-voltage transformer, was employed as 
a source of near-ultraviolet radiation. An aspheric condensing 
lens of optical glass was used to focus an enlarged image of the 
lamp on the fluorescent object. Next to the lens were placed 
glass filters to isolate the 365-my line. Corning Glass Works 


3 Present address: Metal Hydrides, Inc., Beverly, Massachusetts. 

2 The authors wish to express their thanks to Metal Hydrides, Inc., of 
Beverly, Massachusetts, for financial assistance which made this work 
possible. 
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filters Nos. 585 and 986 were found to be satisfactory by sod 


spectrographic tests. Light of lower wave length (254 ny) i ina 
was found to excite fluorescence other than that due to the ap 
uranium-alkali-fluoride system and would also require use oj [ge 2" 
optical materials other than glass. The fluorescent disc, , [aie !0™ 
blank, and a reference disc of canary glass were held in a sliding and 
carriage oriented at 45° to the axis of the illuminating system disc 
so as to permit fluorescent and reflected light to enter a Weston satl 
Photronic cell oriented at right angles to the illuminating hart 
beam. The carriage was constructed of blackened aluminum _ 
and served to mask the sometimes irregular edges of the discs, I disc 
Between the carriage and the cell were placed two filters, fe 2"* 
which isolated the green fluorescence and prevented ultraviolet seve 
and blue light from entering the cell. Corning Glass Works 7 6 
ir 
TABLE 1 
RELATIVE FLUORESCENCE OF NaF-NaCl Duiscs* Contarnrnc as 
| "Relative | linea 
Added element Remarks 4g. 
None 1.0 max 
Al 0.9 | 
As 0.9 Disc fragile j muc 
B 1.0 as W 
Ba 1.0 uran 
Be 0.9 sion 
Bi ~ Disc fragile and discolored 
B 1.0 instr 
r 
Ca 1.0 accu 
Cb 1.0 (+?) phot 
Cd Disc adheres to platinum It 
Ce 0.5 Disc yellowish bl 
Co 0.4 Disc gray ane, 
Cr 0.2 Disc pronounced yellow accul 
Cu 0.9 Disc slightly gray visua 
Disc yellowish whee 
g . 
I 1.0 and a 
Mg 1.0 . of ur 
Mn —_ | Disc blue-green and adheres to Pt ’ 0.1 te 
Mo 1.0 Gener 
Ni 1.0 q 
Pb 0.3 Disc fragile and yellowish ‘: 
Sb 0.3 This. 
Si 1.0 Sis far 
Sn 1.0 lamp. 
elimi 
Ta 1.0 4 : 
Th 1.0 9 cludin 
Ti 1.0 case n 
Tl 1.0 (+?) px 
0.9 
Ww 0.9 portal 
Zn 0.6 phat, 
Zr 1.0 
ppling 
* The discs contained 35-100 wg. uranium/gram flux and, initially, ! 
threefold excess by weight of added element. Discs were fused 10 minuts : q 
at bright red heat and weighed 1.9 grams. ; Bec 
or th 
filters Nos. 351 and 428 were employed. The output of the BB, ,, 
cell was taken through an Ayrton shunt to a sensitive galve Bmetho 


nometer (0.001 ~A/mm./M). The entire instrument, & 


clusive of the galvanometer and shunt, was contained in} fof imp 
hardwood box provided with light-tight ventilators. 1) 
integral lamp unit was lined with sheet aluminum. Bobalt 

This instrument was used for preliminary studies on 
effect of temperature of fusion, composition, and thickness “ 4 0 urar 
the alkali fluoride discs, and for subsequent studies on inte 7 


fering substances. It was found that a mixture of 5.75 pat 


Fe 
| 
£5 
Ses 
4 
q 
> 
: 
; 
. 
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§ codium fluoride with 1.00 part sodium chloride was satisfactory 
i ;, all respects. The mixture fused easily at about 900° C. in 
a platinum crucible cover over a Bunsen or Mekker burner 
and, on rapid cooling in contact with a cold metal block, 
formed a fine-grain disc, easily separable from the platinum 
| and sufficiently durable to withstand ordinary handling. A 
disc weighing 2 grams and 30 mm. in diameter was found 
satisfactory. The crucible covers used were shaped on a 
hardwood die and cleaned prior to each use by repeated 
} fusions with the flux. The fluorescence of uranium-containing 
discs was increased by heating at bright red heat for 7 minutes, 
F but decreased on more prolonged heating. Interference by 
q several of the substances listed in Table 1 was reduced by 
heating, maximum fluorescence being attained in most cases 
in from 7 to 10 minutes. 
Under the conditions cited, the fluorescence of the discs, 
| .s measured by the galvanometer deflections, showed a nearly 
S linear relation to the uranium content over the range 0.2-50.0 
: yg. uranium/gram flux. At higher concentrations of uranium, 
Sup to 300 wg./gram flux, a smooth curve was obtained. (The 
} maximum reported by Nichols and Slattery (3) is found at 
B much higher concentrations.) The curves were used directly 
fas working curves, by standardizing the instrument with a 
s uranium glass disc at frequent intervals and making the occa- 
B sional slight correction required by the blank. This type of 
instrument is capable of very greaf sensitivity, although the 
accuracy might be considerably improved by substitution of a 
§ phototube balanced circuit for the single barrier-layer cell. 
| It was required that the second fluorophotometer be port- 
fable, light, and able to withstand rough handling. Since great 
faccuracy was not essential, an exceedingly simple type of 
§ visual comparator was used. This consisted of a comparator 
f wheel on which were mounted standard alkali fluoride discs 
Band a holder for the disc to be examined. The concentration 
© of uranium in the standard discs varied geometrically from 
$0.1 to 200 wg./gram flux. The source of ultraviolet was a 
§ General Electric 4-watt RP-12 lamp, which may be operated 
’ from a 24-volt battery through a variable 25-ohm resistance. 
| This lamp radiates principally in the vicinity of 365 mp and 
Bis far more effective than the common 110-volt argon glow 
q lamp. A Corning Glass Works filter No. 584 was used to 
Beliminate practically all visible light. The instrument, in- 
® cluding batteries, was housed in a specially designed plywood 
B case measuring 6 x 7 x 10 inches (Fig. 1). The weight was only 
$48 pounds. The method of preparing discs for use in the 
= portable comparator is similar to that mentioned above, except 
Bthat, in field use, a gasoline blowtorch is used, and necessary 
Eweighings are accomplished with a portable balance. Sam- 
Bpling i is more time consuming than the actual analysis, which 
srequires 20 minutes at the most. 
f Because of the requirements imposed, standard techniques 
mor the chemical separation of uranium from samples were 
Brot considered feasible. Under ordinary conditions, the 
Brethod of Hoffmann (2) is satisfactory but tedious. A semi- 
scuantitative study of the effect of relatively large amounts 
so! impurities was undertaken and is recorded in Table 1. Of 
ithe substances studied, antimony, bismuth, cadmium, cerium, 
obalt, chromium, iron, lead, manganese, and zinc were found 
so interfere seriously, because they quench the fluorescence due 
| gto uranium, obscure it by coloring the flux, or render the disc 
Brittle. Northup (4), in a recent article, gives a more extended 
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discussion of substances which interfere qualitatively with the 
fluorescence of sodium fluoride beads, together with a study of 
the effect of columbium, the one element which shows fluores- 
cence similar to that due to uranium. 

Several possible procedures for inactivating or volatilizing 
the above-mentioned impurities were tried. It might be ex- 
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pected that many of these elements could be volatilized as the 
halide by heating with ammonium chloride, hydrofluoric acid, 
etc. This procedure was fairly successful with iron, but in all 
cases significant amounts of uranium were lost. Attempts to 
volatilize chromium as chromy] chloride were unsuccessful for 
the same reason. Dilution of the sample with flux did not 
greatly alter the extent of interference, except that fragility 
was decreased. 
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A Simple Resistance Thermometer for 
Blood-Temperature Measurements! 


Louis F. DRUMMETER, Jr., and G. Fastte? 


Department of Physics, The Johns Hopkins 
University, Baltimore, Maryland 


In connection with an instrumentation program for the 
Medical Research Laboratory, Edgewood Arsenal, a compact 
field instrument has been developed for the intravenous meas- 


1 This work was carried out under contract with the Medical Division 
of the Chemical Warfare Service and was under the direction of A. H. 
Pfund. The authors wish to thank Capt. Lawrence Hobson (MC), AUS, 
for whom the instrument was constructed, for his suggestions, enthusiastic 
use of the instrument, and patience. We are indebted to Mr. C. B. Green, 
of the Bell Telephone Laboratories, for supplying the thermistor elements 
and pertinent information. 

2 Now with Leeds and Northrup Company, Philadelphia, Pennsylvania. 
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urement of animal blood temperature in the vicinity of the 
heart. The instrument, a resistance thermometer, is compact, 
easily constructed, fast responding (5 seconds), accurate, and 
rugged. 


THe TEMPERATURE-SENSITIVE ELEMENT AND Its MOUNTING 


The temperature-sensitive element is a small, glass-coated, 
spheroidal thermistor bead (Western Electric V-642) with a 
resistance of about 1,300 ohms at 36° C. and a temperature 
coefficient of about —3.5 per cent at this temperature. For 
insertion into a vein through a 12-gauge hollow needle, the 
thermistor bead is mounted on the end of a 5-French catheter* 
as shown in Fig. 1. 

The thermistor bead fits into a spherical recess in one end 
of a small copper cylinder, the other end of which is cut down 


LEADS 


THERMISTOR 


Fic. 1. Thermistor mounting details. 


to match the inside diameter of the catheter. The cylinder 
is 0.070 inches in diameter, } inch long, and has a hole (No. 72 
drill) bored through its length for the thermistor leads. 

Two-foot lengths of No. 32 gauge enameled copper wire are 
soldered to the thermistor leads, after which the soldered junc- 
tions and the thermistor leads are given a few insulating coats 
of thinned glyptal varnish. These leads are then threaded 
through the copper holder and the catheter. The copper 
holder is cemented into the end of the catheter with glyptal, 
and the bead is similarly cemented into the recess in the end 
of the copper. After a few hours this end of the catheter is 
dipped in thinned glyptal and dried in air. This is repeated 
until the whole assembly presents a continuous, smooth 
surface. Heavier copper wires are soldered to the No. 32 
gauge leads at the other end of the catheter, the junctions 
varnished, and the wires and catheter tightly taped together. 
Only two leads are used because the relatively high resistance 
change of the element with temperature makes compensating 
leads ‘unnecessary. 


ASSOCIATED ELECTRICAL CIRCUIT 


The circuit which translates thermistor resistance values 
into temperature is a conventional Wheatstone network with 
the thermistor in one arm. The bridge is balanced for a ther- 
mistor temperature of 46.0°, and other temperatures are read 
as unbalance. Since the indicating meter is a zero center 
meter, and the unbalance is linear for thermistor temperatures 
within a 10° C. range on either side of 46.0° C., the thermome- 
ter indicates temperature linearly from 36.0° C. to 56.0° C. 


3 We have found an excellent source of very inexpensive catheters in 
Belden 8941 No. 20 solid lead wire with braid-lacquered insulation. The 
insulation is slipped off a two-foot length of wire, the loose white inside 
insulation is removed, and the remaining length of waterproof lacquered 
braid constitutes a catheter. The flexibility of the catheter is ideal for the 
present application. 
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The scale is marked off in 0.2° C. divisions and can easily }, 
read to 0.1 ° C. 

The complete electrical circuit is shown in Fig. 2. Two 
controls (A, B) are provided: B permits adjustment of th 
balancing resistance, and A, limited adjustment of the bridge 
potential. In order to avoid temperature errors due to heat. 
ing of the element by the bridge current, a maximum of 3 volts 
is applied to the bridge. The bridge meter (M) is a Triplet, 
Model 625 microammeter (1,000 ohms) set on the 100-0-1(y 
microampere scale. A double throw switch allows the tem. 
perature-indicating meter to be used in standardizing th 
bridge voltage. The switch cuts the meter out of the bridge 
and puts it in series with a fixed resistance and the bridge 
potential. The switch has three positions (S, R, T). Pog. 
tion S uses the meter for bridge-voltage standardization, 


THERMISTOR 


| 
| 


3 VOLTS 


Fic, 2. Bridge circuit diagram. 


With the switch in position T, M indicates the temperature 
of the thermistor. Position R disconnects the meter (i 
from the circuit for use of auxiliary recording apparatus. 

The most striking instrumental feature of the bridge is tht 
location of all bridge elements, controls, switches, and bat 
teries inside the case of the meter. This Triplett case measures 
54 x 6 x 2} inches; hence, the complete bridge and meter form: 
a very compact unit. The zero-adjusting rheostat (B) an 
voltage-standardizing rheostat (A) are mounted on one side 
the case, and the two switches on the other. The four term 
nals atop the Triplett case have been rewired as the tw 
terminals marked T and the two marked R on the diagram 
The T terminals provide bridge connections for the thermistot, 
and the R terminals are provided in case it is desired to ux 
auxiliary recording equipment. 

After preliminary calibration, the only check that needs" 
be made on the instrument before use at a later date is! 
voltage check, which consists of removing the thermisto! 
snapping the switch to position S, and adjusting A until the 
meter gives the standard deflection corresponding to the 
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correct bridge voltage. This deflection is determined by the 
preliminary calibration. After the voltage check, the thermis- 
tor is connected to the bridge, and the instrument is ready 


for use. 
CONCLUSIONS 


Several months’ use of this instrument in field work under 
extreme conditions has proved its ruggedness and ease of 
handling. It has filled a definite need in the Edgewood work 
and should be quite useful wherever an accurate, simple, and 
jast thermometer is necessary in physiological studies. The 
introduction of another matched temperature-sensitive ele- 
ment in the opposite bridge arm would make this instrument 
applicable to the measurement of temperature differences. 


The Cultivation of Mammalian Liver 
Cells in Large Numbers! 
T. N. Harris and SusANNA HARRIS 


Department of Pediatrics, University of Pennsylvania, 
and Children’s Hospital of Philadelphia 


The cultivation in vitro of cells of ectodermal origin may be- 
come important in certain investigations, particularly in the 
application of tissue culture to virus studies, biochemicar 
analyses, and studies of malignancy. However, the cultiva- 
tion of such cells presents difficulties because of the greatel 


| facility of growth of the connective tissue elements present in 


such explants. 

The technic to be described was developed in the course of 
experiments on the attempted cultivation of the agent of infec- 
tious hepatitis. This method made it possible to produce cul- 
tures containing large numbers of liver cells with few fibro- 
blasts, without employing a very elaborate technic. The 
method is based on the roller-tube technic of Gey (2), with the 
following modifications: the random distribution of many 
pieces of explanted tissue in roller tubes, and the use of a 
medium which selectively favors the growth of epithelial cells. 


MATERIALS 


For a typical experiment involving 24 tubes the following 
sterile materials were required: 24 acid-free and grease-free 
test tubes, 18 x 150 mm.; a few capillary pipettes about 3 mm. 
in diameter at the tip; a few capillary pipettes, 200 mm. long, 
with the usual diameter at the tip (about 1 mm.) and bent at 
a 45° angle at a point 2-3 mm. from the tip; 24 solid rubber 
stoppers to fit the culture tubes; 3-50-cc. pointed centrifuge 
tubes; 1:600 heparin solution; 3—20-cc. bulb pipettes; a Petri 
plate, 100 mm. in diameter, containing a watch glass; a syringe 
and needle suitable for withdrawing 20 cc. of heart’s blood 
from a rabbit; and a few dissecting instruments, including one 
fine, small, curved scissors, preferably strabismus scissors. A 
small amount of ice and rubber bulbs or tubing for manipula- 
tion of the pipettes are also needed. 


ASSEMBLING THE CULTURE 


The explant material was obtained from a rabbit 7-10 days 


This investigation was conducted under the Commission on Measles 
and Mumps, Army Epidemiological Board, Preventive Medicine Service, 
Ofice of the Surgeon General, U. S. Army. 


old, lightly anesthetized and exsanguinated. A portion of the 
liver was removed aseptically and placed in the watch glass 
contained in the Petri plate. The tissue was minced with 
strabismus scissors until the bits appeared to be about 1 mm. 
in diameter. The minced tissue was then suspended in Gey’s 
solution (2) in the watch glass and transferred to a 50-cc. 
centrifuge tube. The top of the Petri plate was used as a 
shield to prevent contamination from the air. About 20 cc. 
of Gey’s solution were then added to the tissue suspension in 
the tube. The latter was rotated until the tissue was dis- 
tributed and was then allowed to stand. After a few minutes 
all the particles of about 1 mm. had settled below a well-defined 
plane, leaving a supernate containing erythrocytes and minute 
fragments. This supernate was removed by suction, and the 
washing of tissue fragments in Gey’s ‘solution was repeated 
twice more. After the supernate was removed for the third 
time a wide capillary pipette with rubber bulb was used to 
distribute small amounts of the sediment into the cotton- 
plugged culture tubes. The volume of the rather watery 
sediment which was picked up each time for placing in the 
culture tubes was such as to contain about 60 pieces of tissue 
in about 0.3 cc. of the saline solution. 

The tissue was distributed by means of the capillary pipettes 
with bent tips. Throughout the procedure the culture tube 
was kept horizontal to avoid contamination from the air. The 
technic of distribution was as follows: The pipette was used 
to spread the small amount of fluid over the lower half of the 
tube until the entire surface was moistened, and the clump 
of fragments was distributed in a rough ring around the tube. 
Then the point of the bent tip was turned toward the surface 
of the tube and run up and down between the bottom of the 
tube and approximately halfway to the open end, while the 
left hand slowly rotated the tube. Bits of tissue were thus 
distributed over the entire lower half of the tube. Clumps 
remaining after this procedure were pushed apart by the tip 
of the capillary pipette, and any noted gross unevenness of 
distribution was corrected. Quite often many pairs of tissue 
fragments were left in contact by this procedure, but since the 
purpose of the method was to oLtain a maximum total circum- 
ference of explants in as little time of manipulation as possible, 
this was not regarded as objectionable. Thus, 60 fragments 
which included 10 contiguous pairs would reproduce the effect 
of 50 entirely separate pieces. After the tissue fragments had 
been placed in all the tubes they were fixed in position by 
adding to each tube 0.25 cc. of heparinized normal rabbit 
plasma, which was distributed by rotating the tubes in groups 
of six in pipette rests until clotting was observed. After 
nutrient medium had been added to each tube, they were stop- 
pered and placed in a roller-tube mechanism (/) rotating at 
6 r.p.h. 

The plasma was obtained as follows: Sterile 1:600 heparin 
solution (H.W.D.) was placed in a chilled tube in an ice bath, 
one-hundredth of the volume of blood to be drawn. Blood 
was then drawn from a rabbit’s heart and quickly placed in 
the tube. Centrifugation was carried out in ice at 2,000 r.p.m. 
for 6 minutes, the plasma then being drawn off into another 
chilled centrifuge tube. This tube, if kept in ice, would not 
show clotting of the plasma for several hours. Within a few 
minutes of drawing off, however, the plasma was used to coat 
the tubes. The heparin concentration was such that the 
change of temperature from that of the ice bath to room 
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temperature was sufficient to cause clotting. It should be 
noted that heparinized chicken plasma, where available, may 
be more convenient, since it remains liquid in the refrigerator 
for many days and can be coagulated by the addition of 
he mostatic globulin. 

The setting up of such a set of 24 tubes required two hours 
at most, from the anesthetizing of the rabbit to the placing of 
the tubes in the roller. This involved the work of two people 
and included the collection and separation of heart’s blood for 


plasma. Bacteriologic aseptic technic was rigorously followed 
throughout. The rate of contamination was less than one tube 
per 24. 


THe MeEpIuM 


The development of a satisfactory medium for the selective 
stimulation of epithelial cells was the major problem of this 
study. After exhaustive comparisons of salt solutions, relative 
amounts of serum, effect of embryonic extract, and optimum 
frequency of refeeding of cultures, the following medium was 
found to give the best results: 

Balanced salt solution was made up according to Gey (2) 
except for the addition of asparti¢ acid, which Parshley and 
Sims (3) had found stimulating to epithelial cells of skin and 
thyroid when used in conjunction with Sims’ salt solution. 
Since the addition of aspartic acid and its subsequent neu- 
tralization increased the total concentration of salt in the 
medium, a corresponding adjustment in the amount of NaCl 
was decided on by calculation. The final salt solution, identi- 
cal with Gey’s except for the amounts of NaOH and NaCl and 
the addition of aspartic acid, was made up by weighing out 
and dissolving (in the order shown) in double-distilled water 
to a final volume of 1 |. the following salts: NaCl, 8.0 grams; 
KCl, 0.375 gram; CaCl, 0.275 gram; NaHCO;, 0.25 gram; 
MgCl.-6 0.21 gram; NasHPO,, 0.12 gram; 
0.025 gram; dextrose, 1.0 gram; and aspartic acid, 3.0 grams. 
Carbon dioxide was then bubbled through the solution for 
several minutes. NaOH was added in N/10 concentration 
until the pH was 7.0. The solution was sterilized by filtration 
through a Seitz filter. The medium as used consisted of 40 
per cent of normal rabbit serum and 60 per cent of the salt 
solution. It was placed in the 18 x 150-mm. culture tubes 
in amounts of 1.6 cc. per tube, and the roller was sufficiently 
elevated at one end to prevent contact of the medium with 
the rubber stopper. Twice a week the medium was with- 
drawn and replaced with a similar amount of fresh medium. 
Once a week, between withdrawal of nutrient fluid and an 
addition of fresh medium, the clotting procedure was repeated 
in order to patch the plasma coat. 


GrowTH OF LIVER CELLS 


In the case of the great majority of rabbits used, the first 
outgrowths of liver cells from the explants could be observed 
in 48 hours in many fragments. In three days there were 
partial collars of liver cells about most of the fragments. The 
cells grew out radially in a rather regular form involving 
columns two cells wide; these would frequently curve and give 
off branching columns in a Y-configuration. After a few days 
the growth was usually such that the identity of the columns 
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of cells was lost, and by mutual pressure the growth woul 
form a single, continuous sheet of polygonal cells. Sing. 
the explants were often only a few millimeters apart, there was 
frequent contact between outgrowing sheets of cells arising 
from different explants. At such points of contact, growth 
would stop. 

In more isolated explants, growth would continue until, 
after 10-12 days, the 1-mm. explant would be surrounded, in 
many cases, by collars of outgrowth 3-4 mm. wide, so that the 
entire sheet of cells formed an approximate circle 7-8 mm. jp 
diameter. Thereafter, growth became markedly slower, and 
after the 14th day almost no extension in growth was noted, 
No increase in granularity of cytoplasm was observed unt] 
this time, even in the cells nearest the explant. Cultures were 
not maintained after the 21st day. The cells were large and 
polygonal, forming a continuous sheet. The nuclei were 
large, oval, and optically empty in the unstained preparation, 
with sharp borders except during mitosis. When the prep. 
arations were fixed and stained in situ, the nuclei and nucleoli 
were deeply stained with hematoxylin and the cytoplasm with 
eosin. 

Not all explants, even in the best cultures, showed growth 
However, so many fragments of tissue were seeded that the 
total area of outgrowth was considerable. Taking 3 mm. as 
an average of the width of the collar of outgrowth around the 
1-mm. explant, we find that the sheet of liver cells from one 
such explant exceeded 30 mm.? in area. Twenty-five such 
explants would provide 7 cm.? of liver cells, and 33, about 
10cm.? The majority of the successful tubes ranged between 
these two estimates. This qualification is made advisedly, 
because at irregular intervals either a liver would fail to grou 
out at all or the growth would be quite limited and short lived. 
For this reason, when infectious material was being studied, 
the cultures were originally fed with the medium described, 
and the infectious material was added at the time of the second 
feeding, after three days, at which time it was possible to 
predict rather accurately the course of that set of cultures 
In the case of rabbits whose livers did not demonstrate good 
growth at that time, the infectious material was stored in the 
frozen state unti] a successful culture reached its first refeeding 

Fibroblasts were found in smal] numbers in almost all tubes 
They occurred singly, or in small groups, between explants 0 
liver cells. In all the tubes in which the liver cells multiplied 
satisfactorily the fibroblasts were very few in compariso 
They were more in evidence in those in which some manipul: 
tion of the medium had interfered with the outgrowth of live 
cells. In such cases there was an increase in the absolut! 
number of those cells. 

In a few tubes no fibroblasts could be found. This canne 
be taken to mean that a pure culture of liver cells existed 
such tubes, but the appearance of the solid sheets of liver cell 
often with no other cell type in the vicinity, makes it see 
possible that a pure liver culture might be derived from su“ 
explants in daughter tubes. 


References 


1. Coman, D. R., and StasLter, N.G. Science, 1941, 94, 569. 
2. Gey, G.O. Amer. J. Cancer, 1933, 17, 752. 
3. Parsutry, M.S.,andSims,H.S. Anat. Rec., 1946, 94, 486. 


Depar 


Atomi 
pha. 
E.V 
548. 
“Inf 

Spread 


ichemis 
Basse mb 
Bs ana 
Peactior 
BS an 
hanges 
Bions in 


The 


uctory 
rat 


hapter 


j 
— 
El 
In| 
tha 
| 
4 
eve 
| 
sele 
cur! 
mat 
71 
circ 
elec 
engi 
45 | 
the 
hi 
this 
T 
P 
an 
I 
n 
types 
: 
avail 
h 
the n 
} 
TI 
made 
4 
The | 
Th 
4 f 
4 
tncity 
esses. 
1 
McGil, 
a 
4 
| | 
{ 
: 
= 


Book Reviews 


ould 

ising 

owth — 

inti, Electrical engineering: essential theory and typical ap- 

d, in plications. Fred H. Pumphrey. New York: Prentice- 

t the Hall, 1946. Pp. xiv + 369. (Illustrated.) $5.35. 

m. in This is a textbook in electrical engineering for students 

, and specializing in other fields. The wide range of topics treated 

oted. in the volume makes it impossible for all of them to be covered 

until in sufficient detail for the beginner, and the reader will find 

were that many phenomena are not adequately explained. How- 

eand HM ever, the bibliography at the end of each chapter is well 

Were selected and will help to solve this difficulty. 

ation The limited material included in the chapters on direct- 

prep current machinery and circuits and alternating-current 

cleo machinery and circuits is well chosen. 

1 with The relatively large space given to electron tubes and 
circuits is amply justified by the great importance of the 

owth, electron tube as a control device in all branches of electrical 

at the engineering. The three short chapters, covering a total of 

1M. as 45 pages, give one of the most satisfactory introductions to 

ad the the theory of electron tubes and circuits which it has been 

m one HM this reviewer’s privilege to see. 

> Such The applications of electric energy for heating and welding 

about and in a number of electrochemical processes are covered in a 

tween very interesting and informative manner. 

isedly, In the chapter on electric motor applications the various 

> gt0" HS types of loads are discussed, and the characteristics of the 

lived. J available motors are compared to enable the engineer to make 

udied, the most satisfactory selection. 

cribed Throughout the book the drawings are particularly well 

secon’ HM made and leave no uncertainty in the mind of the reader. 

ible t) HM The photographs of details of apparatus are uniformly clear 

iltures. and easily understood. 

te good This is a valuable book for the electrical engineer as well as 

| in the HM for engineers in other branches who must make use cf elec- 

eeding. HM tricity as motive power or for control of manufacturing proc- 

| tubes. esses, 

lants C. V. 

Itipliec HE Department of Electrical Engineering, 

parison. McGill University, Montreal 

inipuls: 

of live HM Atomic and free radical reactions: the kinetics of gas- 

ibsolut? phase reactions involving atoms and organic radicals. 

E. W. R. Steacie. New York: Reinhold, 1946. Pp. vii + 

Cannel 548. $8.00. 

isted : “Information concerning elementary reactions is widely 

ng cel Spread through the literature of chemical kinetics, photo- 

it rs chemistry, pyrolysis, etc., and it is usually very difficult to 

om sud 


Fssemble the existing data on any given reaction. This book 
eS an attempt to bring together such data, and to treat the 
Feactions of atoms and radicals in their own right, rather than 
FS an incidental part of the mechanism of more complex 
F hanges.” The discussion is confined to elementary reac- 
Fons involving organic substances. 

) The book is divided into two parts. After a brief intro- 
Puctory chapter dealing with the elementary theory of reac- 
fn rates there are four chapters of a general character. 
hapter 2 deals very fully with experimental methods (about 


60 pp.). This is followed by three chapters dealing, re- 
spectively, with thermal decomposition reactions, polymeri- 
zation reactions, and photochemical reactions. The material 
in these chapters is classified, to a large extent, according to 
the compound being studied. The author has given a very 
full account of the various proposed reaction mechanisms and 
has freely given his own judgment as to the extent to which 
the evidence should be considered conclusive in each case. 
This critical approach on the part of the author will make the 
book particularly useful to those who are not expert in this 
field. 

The last half of the book (Chaps. 6-14) classifies reactions 
according to the elements, starting with carbon and hydrogen 
compounds, and following with chapters on compounds 
containing oxygen, nitrogen, chlorine, bromine, iodine, sodium, 
other metals, and sulfur, respectively. 

Two notable features of this book are the extensive bibli- 
ography and a reaction index which includes activation 
energies. The latter will make this volume extremely useful 
in looking up all the free radical mechanisms involving a given 
free radical. 

In the opinion of this reviewer the author is more successful 
in “bringing together” reactions of a given atom or radical 
than he is in “‘treating them in their own right.” While it is 
true that Chapter 3 begins with an excellent discussion of the 
strength of bonds in organic molecules, little use is made of 
this when specific reactions are being considered. 

Both the presentation of the material by the author and the 
format are excellent. 

HEnryY E. Bent 
Department of Chemisiry, University of Missouri 


Photography by infrared: its principles and applications. 
(2nd ed.) Walter Clark. New York: John ~ Wiley; 
London: Chapman & Hall, 1946. Pp. xvii + 472. (Illus- 
trated.) $6.00. 


The pages of this book, written by Dr. Walter Clark, of the 
Eastman Kodak Research Laboratories, are filled with infor- 
mation on the general principles of photography, photography 
by the infrared, infrared radiation sources, value of infrared 
photography for various kinds of investigations, and some of 
the general characteristics of infrared radiation and its inter- 
action with various materials. 

The first chapter gives a general outline of the book, which 
is followed in the remaining 15 chapters. 

In the second chapter the difference between infrared and 
ordinary photography is discussed. It is pointed out, with 
many examples, that many substances that are opaque to 
light are transparent to infrared radiation. Some of the 
necessary precautions for taking and developing pictures are 
then outlined, the extra care entailed by the use of infrared 
radiation being pointed out. There is a very complete dis- 
cussion of the extension of the sensitivity of the photographic 
plate to longer and longer wave lengths, giving the various 
steps by which this has been accomplished. Plates sensitive 
out to 12,000 A. are now on the market. The present wave- 
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length limit to the sensitivity of photographic materials is at 
about 13,500 A. Some of the many difficulties that seem to 
make further progress difficult are pointed out. 

There are five methods of photography in the infrared, two 
direct and three indirect. The first direct method is the sensi- 
tive plate; the second makes use of the Herschel effect, which 
is that exposure to infrared radiation destroys the effect of 
previous exposures to shorter wave lengths. The first indirect 
method depends upon the heating and vaporizing of specially 
prepared materials; the second makes use of the quenching of 
the phosphorescence of certain phosphors by infrared radia- 
tion; and the basis of the third method is the electron image 
tube. Probably the present-day limit to the photographic 
recording by infrared is at about 20,000 A. 

Sources of infrared radiation, with characteristic data, are 
well taken care of in Chapter 7. 

The next three chapters are devoted to an examination and 
differentiation of different materials by infrared photography. 
This material covers textiles, documents, art works, biological 
specimens, wood, coal, and botanical specimens. 

Chapter 11 is devoted, with many illustrations, to infrared 
photomicrography. The advantages of the use of the longer 
wave length are many. 

The special applications of this kind of photography are 
given, again with many illustrations. Pictures taken by the 
radiation from a hot electric iron are shown, as well as those of 
audiences taken by infrared radiation without the subjects’ 
knowledge. 

Advantage can be taken of the different properties of ma- 
terials to detect camouflage by the use of infrared photography. 
Chapters 14, 15, and 16 are devoted to the general characteris- 
tics of infrared radiation with respect to its penetration of the 
atmosphere, dust, smoke, haze, and fog. The optical charac- 
teristics of materials with respect to infrared radiation differ 
in many instances from like characteristics for the shorter- 
wave-length radiation of the visible spectrum. 

The book contains a very complete bibliography and 
index. The only criticism that can be offered is to express 
regret that the established nomenclature of the American 
Standards Association has not been followed. 

W. E. Fors YTHE 
General Electric Company, Cleveland, Ohio 
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